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The VU-10 Boiler is designed for industrial load conditions and 
particularly for plants having small operating and mainte- 
nance forces. Capacities range from about 10,000 to 60,000 lb 
per hr. Firing may be by spreader, underfeed or chain grate 
stokers or by oil or gas burners. Superheater, economizer or 


air heater surface may be added if desired. 


A quick answer is that VU-10 purchasers include in- 
dustrials ranging from very small to the largest, as well 
as schools, hospitals, institutions, and, in fact, every 
type of establishment that requires boilers in the VU-10 
capacity range. Why, then, limit the list of representative 
users shown above to names known to everyone as among 
the biggest industrial enterprises in the country? 
Because such names form a significant guide for a pros- 
pective boiler buyer, in the same sense that the buying 
decisions made by operators of large truck fleets can be a 
reliable guide for the man who wants to buy asingle truck. 

This reasoning applies especially to the purchase of 
a boiler. Big companies buy boilers frequently . . . there- 
fore their experience is always up to date. They buy 
them for plants in many locations, using many different 
fuels. They buy them in capacities from very small to 
very large. Their requirements justify the employment 
of highly qualified engineering specialists — both staff 





men and outside consultants. Thus they have the breadth 
of experience and the expert guidance requisite to mak- 
ing the soundest equipment selections. 

And perhaps equally important, big companies tend to 
place more emphasis on long-term operating and eco- 
nomic results. They know from their own experience that 
daily operating economies accruing through the years 
from better design and construction features will quickly 
offset the difference in first cost between the cheapest 
boiler they can buy and the best the market affords. 

So if your steam requirements call for boilers in the 
capacity range from 10,000 to 60,000 lb of steam per hr, 
we submit the accompanying representative list of large 
companies that have purchased VU-10 Boilers as a sound 
reason for confidence that your decision to buy a VU-10 
will prove to be a highly profitable one—not only for the 
first few vears of service but throughout the lifetime of 
the installation. B-423A 









COMBUSTION ENGINEERING= 
SUPERHEATER, 


INC. 


200 Madison Avenue e New York 16, N. Y. 


ALL TYPES OF BOILERS, FURNACES, PULVERIZED FUEL SYSTEMS AND STOKERS; ALSO SUPERHEATERS, ECONOMIZERS AND AIR HEATERS 




















COMBUSTION 


DEVOTED TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION 





Vol. 22 No. 5 





November, 1950 


etuilian entiltil 


165,000-Kw Added to Richmond Station at Philadelphia by J. H. Harlow 34 
Treatment of Cooling Water by S. B. Applebaum 4] 
Quick Starting of Steam Turbines by R. L. Reynolds 5] 
Eleventh Annual Water Conference - 55 
Annual Joint Fuels Conference 62 


L ditoiel. Departments 


Research and Engineering Education.. 33 Facts and Figures 6/ 
Survey Indicates Ample Power 33 New Equipment 70 
The Power Show 33 Business Notes 71 


COMBUSTION publishes its annual index in the June issue and is indexed regularly by Engineering 





Index, Inc 
GERALD S. CARRICK ALFRED D. BLAKE THOMAS E. HANLEY 
Business Manager Editor Circulation Manager 


GLENN R. FRYLING 


Assistant Editor 
Published monthly by COMBUSTION PUBLISHING COMPANY, INC., 200 Madison Ave., New York 16 
A SUBSIDIARY OF COMBUSTION ENGINEERING-SUPERHEATER, INC. 
Joseph V. Santry, President; Charles McDonough, Vice-President; H. H. Berry, Secretary and Treasurer 


COMBUSTION is sent gratis to engineers in the U. S. A. in charge of steam plants from 500 rated boiler 
horsepower up and to consulting engineers in this field. To others the subscription rate, including postage, is 
$3 in the United States, $3.50 in Canada and Latin America and $4 in other countries. Single copies: 30 cents 
Copyright 1950 by Combustion Publishing Company, Inc. Publication Office, Easton, Pa. Issued the middle 
of the month of publication 


Acceptance under Section 34.64, P. L. & R., authorized by United States Post Office 


Printed in U. S. A 











3-YEAR PERF 


es. ; 


cca & 


Sold 


3 MORE 
FLOWMATICS 


at CALCO 


Installed in 1942 at the Bound Brook, New 
Jersey, plant of the Calco Chemical Division of 
American Cyanamid Company, this COPES 
Flowmatic Regulator gave good results from the 
start—even before combustion was under fully- 
automatic control—on the 900-psi Riley Type RP 
boiler rated at 200,000 pounds of steam per hour. 

Three years later, Calco installed three more 
COPES Flowmatics to replace another type of 
feed water regulator on three older 480-psi boil- 
ers, each with maximum capacity of 100,000 
pounds per hour. Only routine maintenance has 
been needed to keep all four COPES Flowmatics 
giving optimum performance since installation. 


COPES Flowmatic Control gives you close con- 
trol of boiler water level, regardless of range or 
speed of load fluctuation. Entirely indepdendent of 
instruments and other controls, it remains on full 
automatic during periods when they must be out of 
service for periodic maintenance. Simple and rug- 
ged, it handles emergency conditions as safely and 


dependably as it does normal operation. 
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These are the reasons why COPES Flowmatics have 
been ordered for more than 2800 boilers with pressures 
up to 1825 psi. Why you will find users in all of the 48 
states and in 43 other countries. Why operation of your 
modern high-duty boilers will be safer and more effi- 
cient with two-element COPES Flowmatic Control— 
designed and built for your individual requirements, 
to fit any piping layout and operating preference. 


NORTHERN EQUIPMENT COMPANY 


1106 GROVE DRIVE 


. ERIE, PENNSYLVANIA 


BRANCH PLANTS in Canada, England, France, Austria, Italy 
kd Representatives Everywhere wv 


The story of COPES 
at Calco is told in 
Performance Report 
481. Write for your 
copy—on your let- 
terhead, please 





Boiler Feed Water Control . . . Excess or 
Constant Pressure Control, Steam or Water 
..- Liquid Level Control... Balanced Valves 
. » » Desuperheaters . . . Boiler Steam Tem- 
perature Control... Hi-Low Water Alarms. 
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Survey Indicates Ample Power 


The eighth semi-annual survey of the nation’s power 
capacity, including the open facilities of manufacturers 
of heavy power equipment, has just been released by the 
Edison Electric Institute. The conclusions reached, in 
view of the rate at which new capacity is going into 
service, are that there will be ample power to meet all 
demands, even though the reserve margin at this year's 
winter peak is likely to be slightly under that of last year. 
Only in the Southeast and the western part of the Pacific 
Northwest are there indications of insufficient reserve 
although extensive interconnections with adjacent areas 
should offset this deficiency. 

More than six and a half million kilowatts will have 
been added during the current year and nearly 22 million 
kilowatts in the next three years. So far the Korean 
situation does not appear to have significantly affected 
the demand. 

The survey has indicated that the equipment manu- 
‘facturers have ample open capacity for a substantial 
increase in schedules over the next two or three years. 
although this may be tempered by the materials situa- 
tion and such governmental controls as are likely to be 
evoked. 

Despite this assurance from a source that has access to 
reliable information, certain groups in Washington 
spearheaded by Interior Secretary Oscar L. Chapman, 
maintain that the present and planned private utility 
expansion will be insufficient to meet prospective de- 
mands of the defense program, involving greatly increased 
production of aluminum, magnesium and _ indicated 
atomic energy demands, when these are added to the 
ever increasing domestic and industrial demand. 

However, as has been pointed out previously in these 
pages, peak demands in an emergency, based on wartime 
experience are not likely to be as great as might be ex- 
pected, in view of three-shift production and curtailment 
of non-essential services. 


Research and Engineering Education 


One may conceive of engineering education in terms of 
three intermingling streams, one concerned with impart- 
ing fundamental technical information, another dealing 
with inculcation of citizenship responsibility, and a third 
having to do with extending engineering horizons through 
research. Though the ever-increasing amount of tech- 
nical knowledge tends to obscure the manner in which 
engineering progress is achieved, it is important that the 
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qualities of an inquiring mind be developed in the course 
of engineering education. Research is a_ significant 
means toward this end, and therefore the Engineering 
Research Council of the American Society for Engineer- 
ing Education is to be commended for its preparation of 
an informative booklet entitled ‘““Research Is Learning.”’ 

Obviously, it is not possible for more than a small per- 
centage of engineering students to engage in formal re- 
search as a life-long career. But it is essential that at 
some time during his training the student engineer learn 
something of the thinking and the reasoning that under- 
lies the creative work responsible for engineering ad- 
vances. Thus fundamental research in which the 
student can take an active part at the college level is 
highly desirable. 

The results of college engineering research are made 
known not only through the specific findings of individ- 
ual projects but also through the training of students. 
As is stated in “‘Research Is Learning,”’ ‘““The thinking of 
one teacher, germinating in his own group of students, 
moves on to industry and to other schools to influence 
still more engineers.” 

Research has another benefit. By studying through 
existing information to the point of reaching the frontier 
of new knowledge, the engineering student finds that he 
is dependent upon specialists in other fields, thereby 
learning the value of collaborating with other technically 
trained men. This is an important educational objective 
that has tangible value in professional practice. 


The Power Show 


With orders for new power plant construction at an 
all-time high and further plans being formulated for the 
next two and three years, the time is most propitious 
for the biennial Power Show which will be held at the 
Grand Central Palace, New York, November 27 through 
December 2, concurrently with the Annual Meeting of 
the A.S.M.E. Moreover, although this will be the 
nineteenth show, it will be the first to be officially spon- 
sored by the A.S.M.E. 

Current design trends stress not only improved 
efficiency, but also labor saving in the form of more auto- 
matic devices and remote controls—all aimed at reducing 
operating expense to help offset high fuel and labor costs. 
Also, the nationwide awakening of interest in control of 
atmospheric pollution assures a large audience for ex- 
hibits in that category. These are but a few lines to be 
featured; among the products of more than three hundred 
exhibitors, one is certain to find many that will well repay 
the time spent in the visit. 

















165,000-Kw Addition to 


Richmond Station at Philadelphia 


By J. H. HARLOW 
Mechanical Engineer, Philadelphia Electric Co. 


This extension to Richmond Station of 
Philadelphia Electric Company raises its 
total capacity to 450,000 kw. The history 
of the station is reviewed, and the engi- 
neering considerations leading to selection 
of new conditions are given. The 165,000- 
kw unit is supplied with steam at 1250 
psig, 950 F by two 800,000-lb per hr pul- 
verized-coal or oil-fired steam generating 
units. Boiler feed pumps are of the re- 
entry type. 


ICHMOND Station of the Philadelphia Electric 
Company was projected in the early 1920's as a part 
of the Company’s expansion program which was 

made necessary by the rapidly increasing demands for 
electricity following World War I. Now again, it is a 


vital part of the expansion program which has been made 
necessary by a similar increase in demand for electricity 
which is occurring following World War II. During 
the intervening twenty-five years, many developments 
that have come into being can be highlighted by a com- 
parison of the then and now installations. 

With this latest addition, Richmond becomes the 
largest plant on P.E. system having a total capacity of 
450,000 kw, comprised of two 60,000-kw units and two 
165,000-kw units. 

The station first went into service late in 1925 with 
one 50,000-kw turbine-generator which was followed 
by a second identical machine in early 1926. These 
were tandem-compound, 1800-rpm, General Electric 
machines. Steam for these two units was supplied by 
twelve Sterling bent-tube, stoker-fired boilers. 

The station included many forward-looking features. 
Among these were water-cooled furnace walls, tubular air. 
preheaters, regenerative heat cycle with four stages of 
feed heating, deaerator and makeup evaporator, steam 
jet air ejectors, all motor-driven auxiliaries, unit auxiliary 





Turbine hall with 165,000-kw unit in foreground 
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Plan of boiler house and turbine hall showing 1925, 1935 
and 1950 installations 


transformers and stub bus, emergency house generator, 
and station bus phase isolation. Along with the station, 
there were installed a step-up substation and four of the 
very early runs of 66,000-volt underground cable, together 
with Kenetron cable-testing equipment. The throttle 
steam conditions were selected to be 400 psig and 675 
F, and the feedwater temperature at full load was about 
400 F. 

From the start this was an extremely successful in- 
stallation. The water walls minimized stoker troubles, 
particularly side-wall and bridge-wall clinkers, which 
were thensocommon. The tubular air preheaters which 
developed an air temperature of about 250 F were very 
successful, and the annual boiler efficiency approximated 
SS percent. The feedwater heating system and auxiliary 
arrangement proved entirely satisfactory and the 50,000- 
kw turbine-generators were soon found to be conserva- 
tively designed and were re-rated at 60,000 kw. The 
yearly heat rate of this station during the period when 
these were the only units was about 13,500 Btu per net 
kwhr, a fair rate to compare even with today’s designs. 

The original concept of the ultimate development of 
Richmond Station comprised three buildings; each to 
house four 50,000-kw units and twenty-four stoker-fired 
boilers. It was planned that the first two turbine- 
generators, numbered 10 and || because of their position 
in the ultimate scheme, would be followed quickly by the 
installation of units numbered 9 and 12 which would com- 
plete the occupancy of number 3 building. However, two 
circumstances arose which prevented this plan from 
materializing. First, the Philadelphia Electric Company 
entered upon the development of the Conowingo hydro- 
electric project of 252,000 kw on the Susquehanna River 
which was completed in 1928; and second, before the 
load had increased to the point of absorbing this large 
block of capacity, the depression of the 1930's had begun. 
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Nevertheless, early in the 1930's it was determined 
that an addition would be made to Richmond Station. 
This addition was designed to take advantage of major 
advances in the art of power plant design which had 
occurred since the 1925 project was placed in service. 
The most notable change was in the capacity of the unit 
which could be accommodated. That is, when the 1925 
project was being planned, the largest unit which it was 
considered feasible to build was 50,000 kw; when the 
additional capacity was being studied about 1933, it was 
found to be practical to build a unit of 165,000 kw 
for installation in the building space originally provided 
for one 50,000-kw unit. Pulverized-coal firing, by 
this time, had obtained wide acceptance and its use 
made it possible to obtain boilers in sizes commensurate 
with the size of the larger turbine-generator and which 
could be made to fit within the existing building walls. 
Although the turbine required approximately 1,500,000 
Ib of throttle steam per hour for full load, only two boilers, 
each rated at 600,000 Ib per hr, were initially installed, 
thus limiting the capacity of the machine to about 135,- 
000 kw. The steam pressure was selected at 400 psig to 
match the earlier installation, and the steam temperature 
825 F, which was about as high as reasonably could be 
considered at that time. With a desuperheater, placed 
in the tie between the two steps of construction, it is 
possible to operate the entire plant in a completely 
integrated manner. A bin arrangement was installed 
for the pulverized coal system, and hydraulic couplings 
were used for draft control and for boiler-feed pressure 
control. The turbine-generator was manufactured by 
Westinghouse and the boilers and pulverizers by Bab- 
cock & Wilcox. 

This installation, completed in 1935, has been very 
successful and in several of the fifteen years since its 
initial operation, the turbine-generator, although limited 
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Cross-section through turbine hall 


to 135,000 kw by boiler capacity, has produced in excess 
of one billion kilowatt-hours. It has justified, in many 
ways, the faith and confidence of the Philadelphia Electric 
Company executives who undertook its construction 
during a period of depression and when reserve require- 
ments were more than amply satisfied. 

Following the installation of No. 12, as the 1935 unit 
at Richmond is called, construction moved to other sites, 
and approximately 700,000 kw of capacity was placed 
in operation at other locations before it became desirable 
again to add to the capacity of the Richmond plant. 

When system development studies indicated the need 
for increased system capacity and that the Richmond 
site was the proper location, studies were undertaken to 
determine the proper size of unit and the preferred steam 
conditions. In regard to size, 165,000 kw appeared to be 
a natural selection for the following reasons: 


Selection of Unit Capacity 


(a) The plant already housed a 165,000 kw turbine- 
generator. Thus the local reserve requirements would 
not be altered. 

(6) This would be the fourth unit of approximately this 
size on the Philadelphia Electric System. 

(c) A unit of this size would be as large as could be 
installed readily in the location. 

(d) An investigation of the possibility of installing 
two 100,000 kw, 3600-rpm units as an alternate did not 
prove to be practical. 

(e) A unit of similar size was already under contract 
by another utility so that engineering and design time 
should be greatly reduced and the selection of a unit of 
this size provided an opportunity to duplicate and thereby 
to comply in principle with the idea of standardization. 

In regard to steam conditions, 1250 psig and 950 F 
were selected because: 

(a) Our economic studies indicated these conditions to 
be optimum for this location. 
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(b) The size of the turbine-generator and the avail- 
ability of the space in the existing building indicated a 
two-boiler installation. Reheat, therefore, did not 
appear to be desirable. 

(c) These steam conditions, together with the size item 
mentioned previously, conform in pringiple with the idea 
of standardization. 

The new turbine-generator for Richmond Station, 
known as No. 9 because of its location in the original 
plan, is a General Electric, 1800-rpm tandem-compound 
unit of 165,000 kw capability. The high-pressure turbine 
contains two rows of impulse blading and eighteen rows of 
Rateau blading. The low-pressure turbine is double 
flow with four Rateau stages in each flow path. The 
generator is hydrogen cooled and is designed for 165,000 
kw at 0.9 power factor with '/. lb hydrogen pressure. 
Steam is supplied by two Combustion Engineering- 
Superheater, Inc., boilers, each of 800,000 Ib per hr 
capacity; and the turbine exhaust is condensed by an 
Ingersoll-Rand condenser of 75,000 sq ft and condensate 
is returned through a dual feedwater heating system as 
illustrated in the simplified schematic drawing. Feed- 
water is heated to 457 F before being supplied to the 
boilers. 

The parallel feedwater system has these advantages: 
(1) It results in the elimination of individual heater by- 
passes with a consequent large reduction in the number 
of valves usually associated with a regenerative cycle 
because each row of heaters can provide the bypass for 
the other when needed. (2) It results in obtaining a 


(3) With a turbine-generator of this size, the heaters, if 
placed in a single row, become so large as to be very ex- 
pensive to manufacture, and investigations indicated 
that it was cheaper to build two smaller stage heaters to 


































































































Section through 800,000-lb per hr steam generating unit 
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operate in parallel than to build one large enough to 
accommodate the entire flow. The low-pressure heaters, 
Nos. | and 2, with their associated independent drain 
coolers are arranged vertically. The intermediate pres 
sure heaters, Nos. 3, 4 and 5, contain integral drain 
coolers and are arranged in a horizontal position. The 
heater exchangers have tubes of the U-bend type elim- 
inating the need for internal floating heads and are all 
equipped with Admiralty-A metal tubes, except the 
highest pressure heater which has 70-30 cupro-nickel 
tubes. 


Features of Re-entry Feed Pump 


Each line of feedwater heaters contains a condensate 
pump and a re-entry boiler-feed pump supplied by Byron- 
Jackson. The condensate pump, with an outlet pressure 
of 240 psig, discharges through the air ejector inter- and 
after-condensers and the two low-pressure heaters and 
drain coolers to the suction of the low-pressure element 
of a re-entry boiler-feed pump. The low-pressure ele- 
ment of the re-entry feed pump, in turn, discharges 
through the three intermediate pressure heaters to the 
suction of the high-pressure element of the same pump 
which delivers directly to the boilers. The re-entry 
boiler-feed pumps are turbine driven with a normal full 
load speed of 4200 rpm when operating in parallel. 
They are designed to be operated in excess of 5000 rpm 
in the event of failure of one, thus increasing the output 
of the remaining pump so that the effect of the loss is 
minimized. The loss of a pump, thus results in a reduc 
tion in main unit capacity of only about 40,000 kw be 
cause of this arrangement. Regulation of the boiler- 
feed pumps is by an excess pressure controller, and flow 
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Schematic diagram of feedwater system 


to each boiler is maintained by a three-element feedwater 
regulator operating on one feedwater valve. 

The re-entry boiler-feed pump is of particular interest. 
Heretofore, it has been the Philadelphia Electric practice 
to use a booster pump about midway in the heater system 
and a boiler-feed pump at the end of the heater system, 
thus minimizing the pressure on the various stage 
heaters. An objection to such an arrangement is the 
multiplicity of units with their consequent increased 
number of service connections, whether electric or 
steam. With the re-entry pump there is created, in 
effect, a booster pump and a boiler-feed pump within the 
confines of dimensions normally associated with a single 
boiler-feed pump. With the arrangement that has been 
provided at Richmond, the two elements of the pump 
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Heat-flow diagram 
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at rated capacity 
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Pulverizers for one boiler, with exhauster fans in foreground 


always work in series so that there can be no unbalance 
between the amount of water pumped by the cooler 
lower pressure element and the hotter high-pressure ele- 
ment. In this installation the re-entry pump is entirely 
satisfactory. It is driven by a Westinghouse turbine 
which operates under the same throttle steam conditions 
as the main turbine, and exhausts into the third-stage 
feedwater heater. The normal speed of the boiler-feed 
pump and its turbine drive was selected at 4200 rpm 
because of the gain in efficiency obtainable as compared 
to a 3600-rpm pump. Use of a steam-turbine drive has 
the advantage of not limiting the selection of the optimum 
speed for the turbine-pump combination as would be the 
case with motor drive. Also, because the turbine can 
operate at variable speeds, it provides an efficient method 
for feedwater pressure regulation and for increasing 
capacity in emergency. 

An evaporator, which is fed with treated softened river 
water, is installed in the feedwater heating cycle for 
makeup. The condenser is arranged with a reheating 
and deaerating integral hotwell of approximately 15,000 
gal capacity. With this arrangement no other provision 
has been made in the feedwater cycle for deaeration or 
surge capacity. Two condensate storage tanks of 100,- 
000 gal aggregate capacity are provided, and in circum- 
stances where makeup is required to maintain the level 
in the condenser hotwell a makeup valve will open 
automatically and admit condensate at rates up to 
750,000 Ib per hr to the condenser. A draw-off line is 
similarly provided to make possible the automatic 
removal of excess water from the condenser hotwell to 
storage tanks. 

Each of the two Combustion Engineering-Superheater, 
boilers is supplied by four C-E Raymond bowl mills with 
exhausters and is equipped with superheater, economizer, 
two regenerative air preheaters and mechanical and elec- 
trical dust collectors. Two Sturtevant forced-draft fans 
and two Sturtevant induced-draft fans serve each boiler, 
all with inlet vane control. 

As indicated in one of the accompanying illustrations, 
the boilers are of the radiant type with open-pass dry- 
bottom furnaces arranged for tangential firing with the 
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burners tilted automatically for steam temperature con- 
trol. The water-wall tubes are 3 in. outside diameter 
and on 3'/s-in. centers to provide a heating surface of 
36,510 sq ft and a volume of 60,000 cu ft. On this basis, 
at the full rated capacity of 800,000 Ib per hr, the furnace 
heat release will be 15,450 Btu per cu ft per hr, or 95,200 
Btu per sq ft per hr effective projected radiant surface. 
Under these design conditions it is calculated that the 
gas temperature entering the first steam generating tube 
bank will be approximately 1960 F. This is felt to be a 
conservative value and should result in a minimum of 
slagging difficulty. 

The Raymond bowl mills have a nominal capacity of 
23,800 Ib per hr when pulverizing 55 Hardgrove grind- 
ability coal to 70 per cent through 200 mesh, the mill and 
exhauster being driven by a 250-hp motor. Each mill 
supplies one burner in each of the four corners of the 
furnace, there being a total of sixteen burners. In addi- 
tion to the pulverized coal burners, there are three oil 
burners in each corner of the furnace. These burners also 
tilt for steam temperature control and are sufficient in 
number to allow for full load operation on oil. 

The superheater contains 32,400 sq ft of 2'/s-in. outside 
diameter tubing and is designed to produce a steam tem- 
perature of 950 F. It is in a pendant arrangement with 
primary and secondary banks between which a spray 
desuperheater is installed to limit the outlet temperature 
of the steam. Since steam temperature control will 
normally be accomplished by adjusting the tilt of the 
burners the spray device is a safety measure. 

The economizer contains 22,655 sq ft of 2-in. outside 
diameter tubes, and the two Ljungstrom air preheaters 
each have a surface of 98,200 sq ft with 76! /»-in. elements. 
Outlet gas temperature at normal load is anticipated to 
be 324 F and preheated air temperature 634 F. Each 
boiler is provided with Diamond retractable steam lances. 

As Richmond Station is located within the limits of the 
City of Philadelphia, particular attention was given to 





Re-entry boiler feed pump 
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Schematic diagram of electric auxiliary supply system 


the problem of reducing the amount of dust emission from 
the stacks. To this end each boiler has been equipped 
with an American Blower type mechanical dust collector 
having a rated efficiency of SO per cent, and a Research 
Corporation electrostatic precipitator having a rated 
efficiency of SO per cent, thus resulting in a combined 
efficiency of 96 per cent. Both of these collectors are 
connected to an American Blower dust transport system 
with drop-out cyclones and dust storage tanks. 

The dry ash collected in the furnace hopper is trans- 
ported pneumatically to other storage tanks by a United 
Conveyor system. For disposal the dust and the dry 
furnace ash is passed through dustless unloaders and con- 
ditioned for delivery to railroad cars. An accompanying 
photograph shows the dust and dry ash tanks and the 
spouts from the dustless unloaders. 

One stack has been provided for the two _ boilers. 
This is 15 ft in diameter and contains an exhaust nozzle 





designed to accelerate the emitting gases to 95 ft per 
sec velocity when both boilers are operating at full load. 

The boiler control boards are located in an air-con- 
ditioned room between the two boilers. These boards 
contain a Leeds & Northrup electrical combustion con 
trol, together with the regular complement draft gages, 
pressure gages, switches, etc., as required for operation. 
The turbine control board is located adjacent to the head 
end of the turbine, and the boiler feed and heat cycle 
control board is near the boiler feed pumps. 

All auxiliaries, with the exception of the boiler-feed 
pumps, are motor-driven and are supplied from a stub 
bus which is normally connected to the generator leads 
but can be connected to the station bus for starting or 
emergency. A schematic single line diagram of the 
system is included, and it will be noted that it comprises 
a 13,200-volt loop through various areas of the power 
house. This loop is tapped at various load centers in 
order to feed a step-down transformer at that center. 
There are ten such load centers in all. There are two in 
the turbine plant for circulating and condensate pumps 
and four for each boiler, two of which are for pulverizers 
and forced draft fans and two for induced draft fans. 
The loop is capable of being opened at various locations, 
and if a fault develops the affected run can be isolated 
and the remaining cable placed back in service. 

The generator is a two-winding machine rated at 165, 
000 kw, 0.9 power factor, 13,200 volts, 3 phase. The 
windings are paralleled and supply two 13.2/70 kv, 
100,000 kva, 3-phase step-up transformers for direct 
connection to the 66-kv bulk power transmission system 
of the Company. Generator leads are encased in metal 
runs for phase isolation. 

Engineering, preparation of plans and purchase of all 
apparatus and equipment have been carried out by 
Philadelphia Electric Company. Construction has been 
done by United Engineers and Constructors, Inc., under 
the general supervision of the Company's Engineering 
Department. 





Fly-ash tanks and dust-unloading building; 
system and slag disposal in foreground 
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insulation is 
like buying 
a suit of 
clothes: 


—the better the materials; 
the more expert the 
tailoring, the better 

your investment” 





FPiaa kaaS e B Rae 


ies as no one cloth can be used for every suit 
of clothes, there is no one raw material that can 
serve as the ideal insulator for every industrial 
insulation job. 


For this reason, Johns-Manville manufactures 
a wide variety of industrial insulations—of 
asbestos and other raw materials—each of which 
is designed for a special purpose. These insula- 
tions span the entire range of temperatures from 
400 F below zero to 3000 F above. 


But, again, there is much more to the story 
of insulations than their manufacture. In order 


Johns-Manville 


—— INSULATIONS 








to get the greatest return from your investment 
in them, they must be expertly engineered to 
the job, and then skillfully applied. 


Johns-Manville makes available to you the 
service of experienced insulation engineers, and 
highly skilled mechanics for the proper applica- 
tion of Johns-Manville insulations. 


If you are contemplating an insulation in- 
stallation for your plant, it will pay you to look 
into this Johns-Manville insulation service. For 
further information just write Johns-Manville, 
Box 290, New York 16, N. Y. 
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Treatment of Cooling Water 


By S. B. APPLEBAUM 


Manager of Cold Process Div., Cochrane Corp. 


Following descriptions of the once- 
through and the recirculating systems, 
with comments on their adaptability to 
given conditions, the text takes up deposits 
and their treatment, comparison of differ- 
ent treatments, capacity calculations, and 
concludes with typical cases involving an 
acid-treatment plant and lime-acid treat- 
ment. 


ODERN industry uses increasing quantities of 
water for cooling purposes to carry away the 
heat generated in plant processes as for example 

in steam power plant condensers, oil refinery heat-ex- 
changers and condenser boxes, ammonia condensers, 
steel-plant blast furnace tuyeres, air conditioning equip- 
ment and diesel engine cooling jackets. The total 
amount of cooling water used has been estimated as well 
over a billion gallons of water per minute for all industry. 
An ample supply of cooling water is usually one of the 
prime factors that determine plant location. 


Once-Through and Open and Closed Recirculating Systems 


Where the plant is relatively small or the available 
water supply large, a ‘‘once-through” cooling system is 
preferred. With this the cooling water is wasted. It is 
not only more economical to install but usually involves 


WINDAGE LOSS (W) 
EVAPORATION LOSS (E) 
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Fig. 1—Diagram of open recirculating system 
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less difficulty from corrosion or deposits in the heat-ab- 
sorbing system. However, te growth of industry has 
been so rapid that shortages i water supply have be- 
come a major problem in many parts of the country. For 
example, in New York City, ‘‘once-through’”’ systems for 
air-conditioning in buildings are being limited today. 

Consequently, open recirculating cooling systems are 
being installed more and more, using spray ponds or 
cooling towers to release the heat to the atmosphere by 
evaporation of a portion of the cooling water; see Fig. | 
This system saves water because the warm water from 
the condensers or heat-exchangers after being cooled 
through the cooling tower is re-used. The only loss is 
the small part evaporated and carried away by wind plus 
that wasted by blowdown. 
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Fig. 2—Double, or closed, recirculating system 


However, open recirculating cooling systems not only 
involve the installation of the cooling tower and pumps 
but usually also some type of water treatment to prevent 
corrosion and deposits. This is because evaporation re- 
sults in a concentration of the dissolved and suspended 
solids present in the makeup similar to concentration 
build-up in boilers. It increases the amount of such 
impurities several times (usually 2 to 10 times) and there- 
by increases their deposition. Also, the cooling tower 
introduces an aerating effect which often increases the 
dissolved oxygen content and thereby stimulates cor- 
rosion. 

Where the raw water available contains excessively 
high total solids or is very limited in amount, closed or 
double recirculating cooling systems are installed. In 
such systems the primary water that absorbs heat from 
the plant equipment is kept in a closed cycle not exposed 
to the atmosphere. This warm water is, in turn, cooled 
by the secondary recirculating water stream through a 
heat-exchanger. The second water stream is cooled in a 
cooling tower; see Fig. 2. This double recirculating 
system avoids evaporation and concentration in the first 
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water stream. The makeup for the first stream is there- 
fore negligible, and condensate or zeolite-treated water, 
or demineralized water, may be employed to prevent 
deposits in the condensers. Chromate may be added to 
avoid corrosion. However, this double system is more 
expensive to install because of the large secondary heat- 
exchangers and pumps required. Also the bad water 
used in the second stream causes deposits in these second- 
ary heat-exchangers. Consequently, the great mass of 
recirculating systems are of the open type, for which 
reason this article will deal principally with water treat- 
ment methods designed for such open systems. 


Increased Costs Due to Corrosion and Deposits in Cooling 
Systems 


Plant managers are keenly aware of these increased 
costs because plant maintenance problems and operating 
costs in general are increased when corrosion or deposits 
are experienced. Such increased costs are due to: 


1. Increased outages for shutdown to clean the equip- 
ment. This reduces productive capacity. 

2. Investment in spare equipment to avoid long out- 
age periods. 

3. Reduced efficiencies in steam turbines and similar 
equipment when condenser vacuums suffer due 
to deposits. 

4. Impaired quality of some manufactured products 
when the cooling effluent temperatures rise due 
to deposits. 

5. Increased pumping costs due to the greater power 
required to overcome increased friction or pres- 
sure loss due to deposits in pipe lines and other 
passageways. 


TABLE I 


DEPOSITS 
CAUSES AND TREATMENT 








Constituent in Caused by following 








Deposit Impurities in Water Method of Treatment 
1. Mud Suspended solids a) Coagulation 
b) Settling 
c) Filtration 
S Slime Algae, diatoms, a) chlorination 
bacteria, protozoa, b) addition of copper sulfate, 


sodium penta-chlorphenates 
or other chemicals acting as 
fungicides and bactericides 


fungi, molds, etc 





3. Oily or greasy Oil due to contaminatioy a) coagulation and filtration 





Calcium and a) addition of acid 

bicarbonate ions b) lime treatment 

c) sodium zeolite 

da) addition of "sequestering" 
reagents such as hexa-meta- 
phosphate for "threshold 
treatment", addition of scale 
inhibitors such as tannins, 
glucosates, various colloids, 
organic compounds and 
surface active agents 


4. Calcium 
carbonate 





S. Calcium sulfate Calcium and sulfate a) reduction of calcium by lime 

ions or soda ash 

b) reduction of sulfates by 
various compounds 

c) addition of reagents in (4) 

da) increased blowoff 





6. Magnesium Magnesium ions a) reduction of magnesium by lime 

silicate and silica b) reduction of silica by ferric 
hydroxide or magnesium 
oxide or hydroxide 

c) Addition of reagents as in (4) 





7. |Magnesium hydroxide] Magnesium ions Reduction of magnesium by lime 





Silica High silica in raw Reduction of silica by methods 
water given in (6) 





Iron oxides or Iron ions, also iron 
hydroxides bacteria 


aeration, settling, filtration, 
also sterilization of bacteria 
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TABLE 2 


CORROSION 
CAUSES AND TREATMENT 


Methods of Treatment 








actors Causing Corrosion 





Raise pH value by adding an alkali such 
as lime or soda ash 


Low pH or acid in water 





Micro-biological - certain 
sulfate reducing bacteria 


sterilization or addition of bactericides | 





Dissolved carbon dioxide Aeration plus raising pH value by 


addition of alkali 





Sulfur dioxide gas due to Chlorination 
waste gases around the 


cooling tower 





1) Vacuum deaerator on suction side 
of recirculating pump 

2) Addition of chromates 

3) Addition of chemicals such as hexa- 
meta-phosphates and various nitro- 
genous organic compounds to render 
the metal surfaces passive by micro- 
scopic films. 

4) Maintenance of controlled thin 
protective calcium carbonate films 
by control of Langelier Saturation 
Index (S.1.) 


Dissolved oxygen 
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Replacement of tubes and other vital parts that are 
damaged by corrosion. 

7. Cost of labor for cleaning equipment to remove 

the deposits. 


Kinds of Deposits, Their Cause and Treatment 


It is of value to classify the various deposits because 
the type of water treatment is determined by the nature 
of the main constituents of the deposit. Table 1 gives 
such a classification. 

A given deposit will contain many of these constitu- 
ents together; hence a combination of some of the 
treatment methods mentioned are usually required. 


Factors Causing Corrosion and Treatment Methods 


In Table 2 are given the factors that are responsible 
for corrosion and the various methods of treatment that 
are available. 

Often water treatment to prevent deposits may keep 
the heat-exchanging metallic surfaces so clean that the 
dissolved gases can then attack the metal, in which case 
prevention of deposits and corrosion are closely tied 
together and really constitute two phases of the same 
water treatment problem. This is especially true of the 
controlled scale method where the water must be so 
treated that excessive supersaturation is avoided in 
order to prevent heavy deposits yet it must be left slightly 
supersaturated so that a thin scale will deposit and act 
as a protective film against corrosion from dissolved 
gases. 


Data Required for Selection of Water-Treatment Method to 
Prevent Deposits 


In Table 1 a number of alternate treatment methods 
are listed for deposit prevention. In most cases selection 
of the method cannot wait until the cooling system is 
placed in operation and analysis has been made of the 
deposits formed. The usual procedure is to collect all 
the pertinent facts regarding a proposed cooling system 
and select the water-treatment method accordingly. 
These pertinent facts are: 


1. Type of cooling tower, probable windage losses, 
temperature drop from inlet to outlet of the 
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cooling tower, rate of recirculation in gallons per 
minute and other data to permit calculation of 
the water-treatment plant capacity. 

Range of chemical analyses of the raw water at 
different seasons of the year, including physical 
impurities such as turbidity or suspended solids, 
color, etc. 

3. Field data regarding the source of supply—well, 
spring, lake or river—and whether trade waste 
or sewage contamination are to be expected. 

4. Range of temperature rise from inlet to outlet of 
the various condensers, heat-exchangers and 
coolers and description of these units, including 
kind of metal used for the shell and tubes. 

Is the supply of makeup unlimited or is the water 
scarce or expensive? 

6. Skill of the operating personnel available which 

may determine the type of water-treatment plant 
to be preferred. 


bo 


qo 


Calculation of Capacity with Recirculating Systems 


The capacity of the water-treatment plant must be 
sufficient to provide for evaporation from the tower (£); 
windage losses (W); and blowdown (B) to control the 
number of concentrations (C). 

Fig. 1 shows the usual recirculating system and gives 
the formula for calculating B after determining Z, W and 
C. The value of C depends on the chemical analyses of 
the raw and treated makeup water, temperature of the 
heat-exchanger effluent (¢;) and the Langelier Saturation 
Index selected for the concentrated recirculating water. 


Calculation of Langelier Saturation Index 


The laws governing deposition of calcium carbonate on 
heat-exchanging surfaces have been studied by many 
chemists both here and abroad. In this country Prof. 
W. F. Langelier has made outstanding contributions in 
this field (1) (2).* The chemical reaction involved is 


simple: 
Ca(HCO;)2 + heat = CaCO; + CO, + H,O 
Calcium Calcium 
bicarbonate carbonate, 


The solubility of calcium carbonate is quite low, usually 
only 1 to 3 grains per gallon (17-51 ppm) depending on 
temperature and the amount of other constituents in the 
water. If the amount of calcium carbonate present in 
the concentrated recirculating water exceeds this solu- 
bility, the water is ‘‘supersaturated”’ and calcium carbo- 
nate will deposit. If the reverse is true, the water is 
“undersaturated”’ and may be corrosive if dissolved oxy- 
gen is present. 

This can be demonstrated by the “‘marble test.’’ In 
this test, after determining the pH of the water, an ex- 
cess of marble or powdered limestone is added and stirred 
in the water for several hours. The water is then filtered 
and its pH determined again. If the pH has decreased, 
some calcium carbonate has been deposited on the marble 
due to supersaturation. If the pH has increased, some 
marble has been dissolved due to undersaturation. The 
change of pH by this test gives some idea of the amount 
of ‘‘super”’ or “‘under’’ saturation but it is hard to carry 


* Figures in parentheses refer to References at end of article. 
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out, especially at the actual heat-exchanger effluent tem- 
perature involved. 

To expedite control, Langelier developed a usable 
formula for the theoretical saturation pH value (pH,) at 
which the water would be in chemical balance, neither 
depositing or attacking marble. Then the actual pH 
value (pH,) of the water is measured (at room tempera- 
tures) and the difference between the two pH values 
(pH, — pH,) is the Langelier Saturation Index. If it is 
positive the water will usually deposit. If it is negative 
it will usually be aggressive. 

The Langelier formula (as expressed by Larson and 
Buswell) (3) for the saturation pH (pH,) is: 


pH, = pCa+pAkM+(CG 


where 
p Ca = The negative logarithm of the Ca ion present, ex- 
pressed in mols per liter 
p Alk M = The negative logarithm of the methyl orange alkalin- 
ity in equivalents per liter 
C: = A constant depending on the total dissolved solids 
present and the temperature 


Acid treatment which does not reduce the Ca must 
reduce the alkalinity much more. When the Ca is re- 
duced as by lime treatment or by zeolite, the alkalinity 
does not have to be reduced as much as when acid is used 
alone for any desired (p Ca + p Alk). 

Since p Ca and p Alk are logarithms they can be added 
in this manner. This additive logarithmic sum corre- 
sponds to the well-known solubility or activity product: 


(Catt) X (CO;--) =°K (a constant) 


In other words as Ca goes up, the CO; must go down or 
vice versa, when the system reaches equilibrium. 

Fig. 3 shows this expressed graphically and gives the 
values of Ca++ and CO;—~ (both expressed as CaCOs) 
that may be expected at room temperatures after cold 
lime treatment in a well-designed sludge contact reactor. 
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Fig. 3—Curve of Ca** vs. CO;, as obtained from sludge con- 
tact reactor in cold-lime treatment 
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Limitations in Use of Langelier Index 


The Langelier Index is not applicable with accuracy 
where the water analysis falls outside the following ap- 
proximate limits: 


(a) Total solids up to 2000 ppm. 
(6) pH range—6.0 to 10.0. 

(c) Hardness—above 50 ppm. 
(d) Alkalinity up to 1000 ppm. 
(e) Temperatures up to 170 F. 


Furthermore, as Prof. Langelier has pointed out (6): 

“The saturation index is not a value determined from 
a sample of water taken from one point in a water system 
which can be applied to the same water at another point 
in the system after its character has been modified 
through deposition or corrosion ... .”’ 

Therefore, it is necessary to sample the water at the 
point where knowledge of the activity (corrosion or dep- 
osition) is desired. 

The Saturation Index (pH, — pH,) is a measure of 
directional tendency and driving force but not of capacity, 
i.e., it does not indicate how much calcium carbonate will 
deposit. For example, if the water is very low in Ca, as 
in zeolite effluents, the Index may be positive and high 
and yet there may be no appreciable deposit. 

Furthermore, the actual pH value (pH,) is deter- 
mined at room temperatures in the laboratory for con- 
venience and this room temperature is obviously lower 
than the actual temperature (¢,) of effluent of the con- 
denser or heat-exchanger at the point where deposition or 
corrosion may take place. Since pH, is affected by 
temperature an error is introduced. If the cooling water 
effluent temperature is the same in all the condensers 
and heat-exchangers in a given system, then this error 
can be compensated by selecting a given saturation index 
for the system which by experience prevents too thick a 
scale. This index range is usually +0.5 to +1.5 but in 
most cases it lies between +0.5 to +1.0. 

However, if some heat-exchangers in a system dis- 
charge the cooling water at a higher temperature than 
other exchangers, then the hotter water may make too 
thick scale and the cooler water no scale. 


Suggestions for Uniformity 


S. T. Powell (4, 5, 7) has suggested some additional 
procedures to ensure greater uniformity of scaling even 
when the effluent temperatures range from 80 to 150 F. 
in different exchangers in the same system. He selects a 
certain optimum actual pH value (pH,) (at 80 F) de- 
pending on the alkalinity so that both pH, and pH, 
decrease with temperature at about the same rate. This 
assures greater uniformity of scaling at the hotter as well 
as the cooler surfaces. Then based on experience or 
observation of pilot heat-exchangers, a Saturation Index 
(S. I.) is:selected that will control the thickness of this 
uniform scale. The S. I. selected is controlled by water 
treatment to change the Ca and alkalinity and yet main- 
tain the optimum pH, above selected as closely as pos- 
ible. This usually results in much higher pH, values and 
Ca than were previously customary, and may therefore 
be justified only for extreme cases of high differences in 
temperature (of say 70 F or from 80 to 150 F.) in the 
effluent cooling water from the different heat-exchangers 
in a system. In most cases the range of the different 
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effluent temperatures is under about 30 to 40 deg F and 
this of itself avoids too non-uniform a scaling even when 
employing the conventional Langelier Saturation Index 
methods. 


Comparison of Various Treatment Methods to Control 
CaCO; Deposit 


As Table 1 indicates, aside from the addition of ‘‘se- 
questering”’ and other reagents to the recirculating stream 
to inhibit crystalline scale formation, there are three 
main external methods of treating the makeup water to 
control the thickness of CaCO; scale protective films; 
these are 


— 
. 


Addition of acid alone. 

2. Lime treatment followed by acid. 

Sodium zeolite plus some hard water bypassed, 
followed in some cases by acid. 


ww bo 


Acid Treatment 


In this process acid alone is added to reduce the alkalin- 
ity, converting the bicarbonates to sulfates; thus: 


Ca(HCOs)s + H.SO, CaSO, + 2CO, -}- 2H:0 


Calcium Sulfuric Calcium Carbon 
bicarbonate + acid = _ sulfate + dioxide + water 


As the previous discussion showed, this decrease in 
the alkalinity increases the pH, and thereby reduces the 
S. I. (saturation index) to limit the scale formed. How- 
ever, the alkalinity must be reduced to lower limits be- 
cause the calcium is not reduced. Consequently, this 
process requires skill in its control to avoid the danger 
of overfeeding acid which would acidify the water and 
tend to cause corrosion. 

This method is usually confined to clear iron-free well 
waters because suspended matter and iron also causes 
deposits and acid treatment would not avoid them. It 
is also limited to waters that do not contain excessive 
sulfates. The acid treatment increases the sulfates corre- 
sponding to the alkalinity reduced and, therefore, the 
total sulfates in the concentrated recirculating water 
might exceed the solubility of calcium sulfate which 
would cause sulfate deposits. 

Where conditions are suitable this process has the 
following advantages: 


(a) Low investment cost. 

(b) Low operating cost where acid is cheap, as at 
points located near the acid manufacturing 
plants. 

(c) No precipitate is formed and therefore no set- 
tling or clarification equipment is required to 
separate this precipitate from the water. Also, 
no disposal of calcium carbonate sludge is in- 
volved. With lime treatment this disposal of 
sludge sometimes presents a problem where no 
adequate sewer or river is available to receive 
such sludge. In such cases, lime sludge must be 
lagooned in a low spot where it is dried in the 
sun and then periodically carted away. In 
other cases, the sludge is centrifuged, dried and 
reburnt to form quick lime to be used over 
again. Several large muncipalities reburn their 
lime sludge from lime softening plants in that 
manner. 
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Case I—Acrip TREATMENT 


This, a typical acid-treatment plant, is a public utility 
in the Southwest operating with 650-psi boilers and five 
condensing turbine-generators totaling about 30,000 kw. 
The water supply comes from three wells. It is hard, 
high in solids but clear and plentiful. There is, therefore, 
ample supply available for cooling tower blowoff and 
consequently the concentrations can be kept low, almost 
like a once-through system. An acid feed proved the 
most economical treatment of the cooling tower makeup 
under these conditions, particularly since there was in- 
adequate space available for a lime treatment plant which 
would have saved blowoff water. 

There are three cooling towers at this plant, handling 
a total of 46,000 gpm of recirculating cooling water. The 
temperature leaving the surface condensers and entering 
the towers is 95 F, and that of the water leaving the 
towers is about 79 F. 


The loss of water by evaporation, E = 
0.1% X (95 — 79) = 1.6% 

E = 1.6% X 46,000 gpm = 

The windage loss (W) is 0.2% = 

The blowoff (B) to maintain 1.5 (C) con- 
centrations which is necessary to avoid 
CaSO, precipitation due to the high 
sulfates present is: 


E— W(C — 1) 
C- 1 

736 — 92 (1.5 — 1) 
Ld — 1 


736 gpm 
92 gpm 


736 — 46 ac 
- - = 1380 gpm 
0.5 


Total 2208 


gpm 


Table 3 gives the analysis of the raw water, acid-treated 
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CASE NO, 1 TABLE 
OPERATING RESULTS SHEET 
Meme __ Public Utility in South re ~~ - 7 
Address __ a — a aueasi — 
identification: A) Well water 
B) After acid treatment 
C) After 1.5 concentrations 
CONSTITUENT my a } . < | ° t 
— - —! + SS + — - 
Calcium (Ca* *) CaCO, 398 597 
2 Magnesium (Mg* *) CaCO, 275 275 412 
b , ! + + + 
=| Sodium (Ne*) CaCO, 531 531 | 797 
$ Hydrogen FMA Hw) Coco 
CecO 
TOTAL CATIONS Coco. 1204 1204 1806 
Bicarbonate (HCO, ~) Ceco 184 30 45 a 
Carbonate (CO, ~~) Caco 0 i) ) 
Z Hydroude (OH ~) CaCO, Q 0 i) 
2) Sulfate $O,--) CalO, 771 925 1388 
2} , i! + — 
Chloride ci-) | CaCO | 249 | 249 | 373 = 
CaCO, 
TOTAL ANIONS CaCO, 1204 1204 1806 
Total Hardness am CaCO, 673 _673 1009 | — 
Methy! Orange Alkalinity CeO, | 184 _30 45 : 
tron, Total ‘ Fe a. - 
Carbon Dioxide, Free co 4.6 136 1) 4 - 
Silica Z SiO 14 |} 4 = 7 21 
Turbidity ¥ | 
Total Dissolved Solids | 
py | 7.3 | $6] 7.4] _| 
pits | ew } 
Langelier Indes | 40. 9 
OPERATING COST 
CHEMICALS bs per 1000 go Chemical cost—conts per 1000 gollons 
ents per Ib 
, | 
Sulphuric Acid 1.4 1.5 | 2.1 











alkalinity is reduced from 184 to 30 ppm and the sulfates 
correspondingly increased. Thus after 1.5 concentrations 
the alkalinity is kept below 50 ppm which with a positive 
Langelier index of 0.9 prevents CaCO; deposition in the 
condensers. The acid-feed diagram is shown in Fig. 4. 
The acid is stored in a large horizontal steel cylindrical 
tank filled from acid tank cars by applying compressed 
air. This strong acid then flows by gravity into a small 
measuring tank that holds a day’s supply. An orifice 
meter with contactor is located on each makeup water 
line to the cooling towers. This makes a contact every 



















































































water, and the concentrated recirculating water. The 30 sec at full flow. When the contact is established it 
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Fig. 4—Diagram for acid feed, Case | 
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starts a motor-driven reciprocating strong-acid pump, 
of 8.5 gph capacity, which pumps a measured amount of 
acid into the makeup line. A reset adjustable microflex 
timer controls the duration of pumping and stops the 
acid pump which then awaits the next meter contact. 

A pH Recorder is located on each recirculating line to 
record the pH of the water entering the cooling towers to 
check the Langelier Index. However, this does not con- 
trol the acid feed. 

In other plants the acid is pumped directly into the 
basin under the cooling tower where it is mixed with the 
makeup water in a baffled open trough. This avoids 
possibility of corrosion of the makeup line between the 
point of entrance of the acid and the basin but it requires 
location of the acid feed near the basin. 

The reciprocating acid pump has a manual stroke ad- 
justment which permits changing the amount of acid 
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trol. The agitation basin should hold several minutes’ 
supply and the agitator should be of the high-speed type 
or be of the recirculating pump type that will turn over 
the contents of the basin several times a minute. This 
will produce a treated water of very constant pH value 
without hunting. 


Lime-Acid Treatment 


In this method both the alkalinity is reduced and the 
calcium is selectively removed. Magnesium is not ap- 
preciably reduced because magnesium carbonate is solu- 
ble and does not give deposit difficulty. The reactions 
are: 


Ca(HCO;): + Ca(OH), = 2CaCO; + 2H,0 
Calcium + Calcium —_ Calcium carbonate + water 
bicarbonate hydrate lime ~ precipitate 


ADJUSTABLE SPEED DRIVE 
= 





REACTOR DRAIN 


Fig. 5—Cochrane liquon sludge contact reactor 


fed. Also, the reset timer is adjustable and duration of 
the pumping period can be changed easily which also 
changes the amount of acid fed. Thus two simple ad- 
justments of the acid dosage are available. 

By pumping strong acid (66 deg Bé) the acid storage 
tank and acid piping can be made of steel, unlined be- 
cause steel resists strong acid. 


pH Controlled Acid Feeds 


More and more acid feeds are pH controlled to insure 
proper results without so much attention. The pH meter 
and controller measures the pH of the treated water and 
controls the speed of the motor driving the acid pump 
through a ““Thymotrol.’”’ This is satisfactory if the raw 
water flow rate is not too variable. For variable rates a 
double control is recommended. A meter with potenti- 
ometer controls the motor speed through a Thymotrol 
and the pH controller changes the stroke of the pump 
through a reversible motor. 

Such pH controlled feeds usually require a flywheel 
type of agitation to mix the acid and water in an open 
basin. This is advisable to avoid pH hunting of the con- 
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Some of the calcium carbonate is soluble; not all pre- 


cipitates. Therefore, acid is added to convert this resid- 
ual soluble calcium carbonate to sulfate and bicarbon- 
ate. Thus: 
2CaCoO; + H2SO, = C.(HCOs;)e2 aa CaSO, + HCO; 
Calcium + Sulfuric ™ Calcium + Calcium + Carbonic 
carbonate acid bicarbonate sulfate acid 


To avoid magnesium reduction by lime and to obtain 
the maximum calcium reduction without adding exces- 
sive amounts of lime, the use of a modern Sludge Con- 
tact or Solids Contact Reactor is customary. This Re- 
actor is illustrated in Fig. 5. 

This Reactor embodies several improvements: 


(a) It combines in one package unit the agitation of the 
chemicals and water and previously accumulated sludge 
in suspension in the mixing zone together with separa- 
tion of the sludge from the treated water in the clarify- 
ing zone above it. 

(b) The agitator operates over the entire bottom of the 
unit avoiding any possibility of deposit on the bottom. 
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Table 4 












































case B OPERATING RESULTS SHEET 
Nome _.___ Ohio Public Utility Date 
GRD cent 
Idennfication: A) Raw well 
B) After aerator 
C) After lime and alum 
D) After acid E) After 4 concentrations 
CONSTITUENT | — a ’ < ° t 
: adh , , , , 
Can (Co”*) | Ce€O, | 220 280 91 a 364 
g |, Megnetom We? *) | CeO, | 140 | 140 | 126 126 504 
=. (Ne*) | €eCO, | 300 | 300 | 300 300 11200 
hy} Hydrogen FMA (Hr) Caco 
Coco 
TOTAL CATIONS CecO 720 20 517 51 2008 
B<arbonate (HCO,~) Coco 246 248 0 l 65 
Carbonate (co ) CecO 0 0 5 0 0 
é Hydroxide (OW -) | Caco 0 0 0 0 0 
_ Sulfate (SO,~~) | Caco 400 400 410 428 1712 
Chloride (ci~) Caco 72 72 72 72 208 
i Coco 
TOTAL ANIONS Coco 20 720 51 5) 206% 
Total Hardness Cato 420 420 217 217 Hoe 
Methey! Cronge Aikelinity CeCO 24 246 35 j ‘ 
a & 2 a 0 0 
Carbon Dioxide, Free co 2 + 0 0 0 
Siheo : sO 
| _Terbidiey — | } 5 to to 
Total Dissolved Solids } } 
at ___.__4____ } + 
[EE — } Oo} 10.4 8.3 | 8.3 
ps | } 7.5 
-- —--———— + _ . 
Langeler Indes L iL +0. % 
OPERATING (OST 
* Chem! 
chemicas les per 1000 ge! cow me ~ 1000 gelions 
conn per » 
Lime Hydrate 1.9 0.6 1.5 
Alum 0.17 1.5 0.3 
Acid 0.16 1.5 0.3 
| é. i 
' 

















+ Bored on dew ove loble atermation Check local supply sources 


(c) The baffles separate the mixing from the clarifying 
zones and thus prevent the agitation from disturbing 
the efficient separation of precipitates from the water. 

(d) These baffles have two ports, a larger one, the cen- 
tral port through which the mixed water and sludge rises 























into the clarifying zone and the other, the smaller cir- 
cumferential port through which sludge returns to the 
mixing zone to enrich its sludge strength. The water 
travels radially from the central port to the collecting 
trough at the top. This avoids upward passage of the 
water through the sludge blanket around the central port 
and thus avoids sludge carryover. 

(e) The entire top area of the Reactor is available for 
sludge separation because none of the baffles project up 
into the clarifying zone. This reduces the size of the 
tank to a minimum. 

(f) A large sludge concentrator is provided at the 
periphery at the bottom which concentrates the sludge 
several times, thereby reducing the amount of water 
wasted to the sewer to a minimum. 


Case II—Lime-Acip TREATMENT 


This illustrates a typical case where lime and acid is 
added to treat a hard well water. Table 4 gives the 
analyses of the raw and treated water at various stages of 
treatment and the operating cost. 

This plant is used for the treatment of the cooling 
water makeup in a public utility plant in Ohio, handling 
1600 gpm. The water is first aerated to reduce the CO, 
and thus save lime; also to oxidize the dissolved iron. 
The water then enters the Reactor where the lime and 
alum are added to reduce the calcium and the alkalinity. 
Acid is added to the settled water in the clear well along- 
side the Reactor. 

A portion of the effluent is filtered and passed through 
a sodium zeolite plant to finish the softening of the water 
ahead of evaporators to keep them scale-free. Part of 
the softened water is also used for general sanitary service 
in the station. 

Fig. 6 shows how the treatment is applied. 
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Fig. 6—Diagram for Case II with lime-acid treatment 
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Sodium Zeolite Treatment 





This method is recommended where the hardness and 
alkalinity of the raw water are moderate in amount and 
where salt required to regenerate the zeolite is economical 
in cost. The reaction is: 


Ca) = Ca\. ——" 

ne 9 aod = a ZNé ). 
Mg/ (HCOs)> + N wZ Mg/ b + N 1H CC 3 
Calcium or Sodium Calcium or + Sodium 
magnesium + zeolite = magnesium bicarbonate 
bicarbonate zeolite 


The same reaction occurs for the sulfates and chlorides. 
Thus all the calcium and magnesium salts are converted 
to corresponding sodium salts which are soluble. The 
zeolite is regenerated with salt and no chemicals are added 
to the water. 

However, if the alkalinity is high, the sodium bicar- 
bonate present in the softened water will form soda ash 
in the concentrated recirculating cooling water which may 
attack the wood of the cooling tower. Also, in some 
cases the sodium carbonate deposits on neighboring 
buildings as a white film. An acid feed following the 
zeolite will reduce the alkalinity to prevent these dif- 
ficulties. 

Sodium zeolite reduces all the hardness to practically 
zero (1-2 ppm as CaCO;). Thus it will keep the cooling 
systems very clean. However, if the exchangers have 
ferrous tubes, corrosion may be experienced and it is 
then advisable to practice the controlled-scale method. 
This is accomplished by bypassing some hard water 
around the zeolite plant and adding acid to reduce the 
alkalinity. Case III illustrates this arrangement. 


Case III—Sopium ZEOLITE PLANT 


This is a large oil refinery in the Southwest. Table 5 
gives the analyses of the raw and treated water and 
operating cost. The flow rate treated is 1500 gpm. 
Three fully automatic sodium zeolite units are used with 
5-inch multiport valves, motor-operated. Each unit has 
a meter which controls the initiation of the regeneration. 
The regeneration is carried out automatically through 
the three steps of backwashing, brine introduction and 
brine rinse. A large concrete wet salt storage basin 





CASE In OPERATING RESULTS SHEET *"*° 


Nome Southwestern Oil Refinery 








Address __ 



























































Identification: A) Well water 
B) After sodium zeolite an acid and hard water bypass 
C) Recirculating cooling water after 5 concentrations. 
CONSTITUENT | — A . | c ° t 
"| Colcium cae ee: (Cat?) Cot, 90 1s ] 75 i — r ta 
a} - ++ 
2 | Magnesium = (Mgt *) CaCO, ae aa ee a ae 
jf ik See ee ee es ee 
S| Hydrogen = FMA (H*) | Coco, | | | 
| coco, | | = 
TOTAL CATIONS | Caco 304 | 304 1520 7 
| Bicarbonate ” (HCO, ~) | Colo ! 196 | _30 | 150 _ a 
= Carbonate (COn““) | CoCO, | og | go | go | | _ 
2 Hydronde (OH) | CoCO, | 0 0 | 0 
: } } — a oe EE 
> Sulfate (SO,-~) | Caco 18 | 184 | 920 
< ; } } — = EEE eee 
Chloride (Ci-) | CoO, | 49 90 | 450 
L | CoCo | | 
TOTAL ANIONS | CaCO, | 304 | 304° (1520 
Total Hardness | CoCO, | 123 20 | 100 
Methy! Orange Alkalinity | coco, | 196 | 30 1} 50 
Iron, Total - | Fe | | 
Carbon Dioxide, Free | ¢€o | | 
Silico | 2 | | + cae 1] az: 
Turbidity | | | nA: came 
Total Dissolved Solids | | | | 4 a 
pH an Ge eS ee es ee ee 
pHs | | 1.4 F 
Longelier Index at 120°F. 40.9 
CHEMICALS | Ibs. per 1000 go! 1 cost—ceats per 1000 gollons 
b— , — 
Salt NaCl 2.6 
Acid | i.4 














stores and dissolves the salt to saturated brine of full 
23 deg Bé strength. This brine is pumped into the 
softeners automatically controlled. 
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Fig. 7—Diagram for Case III employing sodium zeolite 
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Quick Starting of Steam Turbines 


By ROBERT L. REYNOLDS 
Mgr., Central Station Turbine Sect., Westinghouse Electric Corp. 


Discussed are factors affecting starting 
time, the effect of boiler arrangement, 
differential temperature between flange 
and bolts, bolt heating by steam during 
the starting cycle, and the advantages of 
maintaining controlled conditions during 
starting. A chart is appended showing 
recommended time for starting after 


shutdown. 


HE time required to start a unit after a shutdown 

during which the turbine has not been dismantled 

will depend upon several factors, the most impor- 
tant of which are the following: 


(a) Length of shutdown. 
(b) Temperature of the turbine metal prior to starting. 


_* Presented before Production Committee, Engineering and Operation Sec- 
tion, Southeastern Electric Exchange, Atlanta, Ga., September 29, 1950 


(c) Temperature, and provision for control, of steam 
used for starting. 

(d) Operation of rotor-turning device during shut- 
down period. 

(e) Turbine design, particularly such features as blade 
clearances and casing flange proportions. 


The length of time that the unit has been out of service 
will determine to a great extent the amount of cooling 
of the metal of high temperature parts such as throttle 
valves, steam chests and turbine casings. This rate and 
amount of cooling will also be influenced by the adequacy 
of the insulation on the high-temperature parts. 

Cooling of the turbine casing will usually not be uni- 
form, with the lower part cooling off at a slightly faster 
rate than the upper half. Because of this, the casing will 
tend to “hump,” thus reducing the radial clearances 
between the stationary and rotating parts at the bottom 
and increasing them at the top. The differential in the 
rate of cooling can be reduced slightly by rotating the 
shaft at a higher speed with the turning device. This 
is particularly important on units operating with steam 
temperatures of 1000 F and above, making it desirable 
on such units to roll at about 30 rpm, or even higher, 
rather than the more common speed of 3 rpm. 





Fig. 1—Section through high-pressure turbine 
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Measurements taken on several units indicate that the 
rate of cooling is about 30 deg F for the first hour, de- 
creasing to about 20 deg F per hr after 6 hr and to 
about 10 deg F in 36 hours. Thus, after an overnight 
shutdown of about six hours the high-temperature parts 
will have cooled off about 150 deg F, whereas after a 
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HORIZONTAL JOINT BOLTING 


Fig. 2—Section through horizontal joint 


weekend shutdown of some 36 hr the metal will have 
cooled off about 400 deg F. 


Effect of Boiler Arrangement and Design 


The temperature of steam used for starting will de- 
pend upon the design and arrangement of boilers. In 
a unit arrangement, with a single boiler and turbine, 
steam temperature will generally be too low unless the 
turbine has become quite cool after a long shutdown. 
In a steam header system, where the boilers have been 
kept in service supplying other turbines in the station, 
the steam temperature will usually be too high except 
after a short shutdown. 

Thus, the ability of the boilers to supply steam at a 
temperature about the same as or slightly higher than 
the metal temperature, which is an important require- 
ment for a quick start, may be quite difficult to attain. 
This is particularly true on an installation where this 
factor of quick starting was not considered in the original 
design. 

The type of service for which the boiler has been de- 
signed will influence this situation. In one designed for 
standby service, the steam temperature will reach rated 
temperature at comparatively small steam flows, 
whereas steam temperature from a base load boiler will 
not reach its rated level until the steam flow becomes 
much higher. Since the boiler designed for standby 
service generates steam at a higher temperature at low 
outputs it will generally be more adaptable for quick 
starts after a short shutdown provided it is suitably 
equipped with controls for maintaining the steam 
temperature at the desired level. 
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Description of Cylinder Joint Design 


In order to analyze the effect of quick starting on steam 
turbines, reference is made to Fig. 2 which illustrates 
the section through a typical turbine horjontal joint 
and bolt. This joint is held together by closely spaced 
through bolts which under normal conditions produce a 
pressure on the contact surfaces sufficient to keep the 
joint tight. The contact surface is often divided into 
an inner and outer surface with the center section at the 
bolts relieved. Washers under the nuts form a hardened 
surface for the nut and help to distribute the loading 
on the spotfaced surface of the flange. 

During the heating cycle occurring during starting 
and increasing load, steam sweeping past the inner well 
will first heat the inner part of the flange. Heat will 
then be conducted through the flange at a fairly fast rate. 
With the through type of bolt as illustrated heat will pass 
into the bolt at a much slower rate, this heat being trans- 
mitted principally by conduction through the washer, 
thence into the nut and finally into the bolt along the 
comparatively short thread engagement. Some heat is 
also transmitted to the bolt by radiation across the 
clearance space between the flange and bolt, this trans- 
mission also being at a comparatively slow-rate. 

Thus, as heating takes place the flange will heat at a 
much faster rate than the bolt. This differential is de- 
pendent upon the rate of heating which, in turn, is de- 
termined to a great extent by the difference between the 
metal temperature and the temperature of the steam 
used for heating. 

The differential heating will cause the cylinder flange 
to expand more than the bolt, especially at the inner 
surface and increase the compressive stress at the con- 
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Fig. 3—Flange temperatures during 15-min. start 


tact surface of the cylinder flange and the tensile stress 
in the bolts. If this differential becomes excessive, the 
stresses in the flange and bolt may also become excessive. 

For example, if the differential temperature between 
the flange and bolt becomes 150 deg F, which has been 
measured on some units during the starting cycle, the 
stresses will increase about 30,000 psi due to a differential 
expansion of about one mil per inch of length. If then, 
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the bolts were initially tightened to a tensile stress of 
about 45,000 psi with a corresponding flange compres- 
sive stress of 22,500 psi the stresses will beeome: 


Bolt tensile stress = 45,000 + 30,000 = 75,000 psi 
Flange compressive stress = 22,500 + 30,000 = 
52,500 psi 


With present bolt and cylinder materials these stresses 
are within the yield point limits of the bolting but this 
is not the case with the flange. As a result the flange 
material at the sealing surface will flow plastically, or 
‘‘crush,’’ whereas the bolts will not be adversely affected. 

During the cooling cycle, caused by shutting down or 
by reducing load, the opposite effect will take place. In 
other words, the compressive stress on the flange will be- 
come less and, if the differential becomes great enough, 
the joint will leak. In the same manner the bolt tensile 
stress will reduce and the bolts will tend to become loose, 
particularly after they have relaxed following exposure 
to high temperature and stress over an extended period. 

This means that potential damage to the flange and 
bolts occurs during the heating cycle whereas the possi 
bility of joint leakage occurs during the cooling cycle. 

We have experienced cases where, with uncontrolled 
conditions during the starting cycle, the flange tempera- 
tures have become much more than 150 deg F higher 
than the bolts. Under these conditions, it becomes 
apparent that the joint sealing surface will be damaged 
and it may even lead to broken bolts. Thus, this con- 
dition must be guarded against and any starting cycle, 
whether fast or slow, must be predicated upon a con- 
trolled program in which the following rules are carefully 
observed : 

(a) The temperature of the metal when the unit is 
shut down must take into account, where possible, the 
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Fig. 4—Temperatures over wide load range without bolt 
heating 


temperature of heating steam which will be available 
when the unit is returned to service. It is appreciated 
that this can be done only if the start-up can be definitely 
scheduled, such as during an overnight or weekend 
shutdown during which unpredictable repair work is not 
required on the station equipment. In order to accom- 
plish this, a fairly fast shutdown from heavy loads is 
dictated if the steam available for starting is at high 
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temperature whereas it is advisable to remove load 
slowly and to cool the turbine as much as possible prior 
to being taken out of service if it is planned to start the 
boiler coincidentally with the turbine and thus use 
comparatively cool steam for starting. 

(6) Steam should be admitted to the turbine at or 
slightly above (say 50 deg F) the temperature of the 
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Fig. 5—Conditions with steam heating of bolts 


metal in the high-temperature parts of the turbine. 
Where this cannot be done, the starting cycle should be 
extended. Means must be provided so that an approxi- 
mately constant differential between steam and metal 
temperatures can be maintained as the unit is brought 
to speed. 


Effect of Controlled Start on Flange Conditions 


Flange temperatures during a 15-min start under 
controlled conditions are shown on Fig. 3. It will be 
noted that steam is admitted at the same temperature 
as the inner wall at the impulse chamber. It will also 
be noted that the maximum temperature gradient across 
the flange does not exceed 60 deg F which means that 
the stresses in the flange and bolts are kept within safe 
limits during this starting cycle. The temperature 
differential between the center of the flange and the bolts 
is practically nil, which is due to the fact that the flange 
bolts are of the stud type which results in a much better 
heat transmission from the flange to the bolt along the 
thread engagement. 


Effect of Bolt Heating During Starting Cycle 


One method for reducing temperature differentials be- 
tween flange and bolts is to circulate high-temperature 
steam through the space around the bolts. The effect 
of such heating is illustrated by a comparison of the 
curves in Figs. 4 and 5. 

In Fig. 4, the flange and bolt temperatures are shown 
throughout a wide range in load with no steam circulated 
around the bolts. It will be noted that at times the 
temperature gradient across the flange and the differen- 
tial temperature between the flange and bolts becomes 
excessively high. At the worst point this temperature 
gradient becomes 360 deg F which results in extremely 
high stresses in the flange and bolts. 
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Fig. 5 shows the same conditions when high-tempera- 
ture steam is circulated around the bolts. It will be seen 
that the temperature gradient is considerably less, being 
only 100 deg F under the most extreme condition. Com- 
parison of the flange and bolt temperatures is even 
closer. It is obvious that this steam circulation has a 
very beneficial affect and will permit not only a much 
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Fig.6—Recommended time for bringing unit to speed 
following shutdown period without dismantling 


faster start but also will permit load to be imposed at a 
much faster rate. 

In order to decide whether to shut down a unit or to 
run it at reduced load it is necessary to make a detailed 
analysis of each system. Factors affecting this decision 
are: 


(a) Comparative values of off-peak load to installed 
capacity. 

(b) Shape of efficiency curve of boiler, turbine and 
other equipment. 

(c) Ability of turbine to be started and loaded quickly 
without damage. 

(d) Need for short-time repairs or adjustments. 


Efficiency of boilers and turbines are almost always 
poorer at light than at heavy loads. This is particularly 
true if the off-peak loads are less than half rated load. 
As a rough rule, it would prove economical in most 
cases to keep the unit in operation provided it carries 
half load or above. If, however, it becomes necessary 
to transfer load from a more efficient unit to a less 
efficient unit during the light load periods it might swing 


54 





the balance in the other direction and justify shutting 
down the less efficient unit. 

Some turbines, particularly those of modern design, 
are better suited to quick starting and to rapid changes in 
load even though they may be operating with much 
higher steam pressures and temperatures. However, 
these units, being of modern design and operating under 
higher steam conditions, would be the ones which should 
be kept in service during the light load periods. This 
places the burden of shutting down and starting up 
chiefly on the older units, which were not primarily de- 
signed for this type of operation, except on those systems 
where the night or week-end load is only a small fraction 
of the peak load. 

The need for making minor repairs or adjustments 
during the shutdown periods may dictate the desira- 
bility for taking a unit out of service. This is a factor 
which can usually not be predicted nor scheduled. 

Since the loss in output and fuel during the starting 
cycle can become quite large, it is extremely important 
that the starting time be reduced as much as practicable 
consistent with proper treatment of the apparatus. 

From an analysis of readings taken during ‘‘quick 
starts,’’ this type of operation, when conducted under 
controlled conditions, is fundamentally sound and sub- 
jects the turbine to less severe treatment than when 
following the somewhat arbitrary rules of slow starts as 
established in the past. 
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Eleventh Annual Water Conference 


The relative merits of evaporators versus 
demineralizing and silica removal, sam- 
pling of steam for purity determination, 
comparison of methods of carbon dioxide 
control in condensate, studies of boiler 
scales at 2400 psi, and hot lime-sodium- 
zeolite treatment were among the topics 
discussed. Abstracts of the principal 
papers of interest in the steam power field 
are included along with some of the in- 
formal discussion. 


HE Eleventh Annual Water Conference, spon- 

sored by the Engineers’ Society of Western Penn- 

sylvania, was held at the Hotel William Penn, 
Pittsburgh, on October 16-18 with about 350 engineers 
and chemists in attendance. As had been the case at 
preceding Conferences, there was enthusiastic participa- 
tion in the discussion periods following each of the 
formal papers.' 


Protection Against Pitting 


H. Lewis Kahler and Charles George of W. H. & L. 
D. Betz, Philadelphia, presented a paper entitled ‘‘The 
Dianodic Method for the Prevention of Pitting and 
Tuberculation.’’ This method is said to aid in pre- 
venting water-side corrosion and requires relatively low 
concentrations to achieve the same benefits as are 
obtainable at much higher concentrations using such 
single treatments as chromate, phosphate and silicate. 
The term ‘‘Dianodic”’ is used to identify a specific com 
bination of two anodic inhibitors (phosphate and 
chromate) in proper ratio at a controlled pH, as dis- 
tinguished from the conventional use of chromate and 
phosphate for preventing corrosion and scale. Ex- 
perimental evidence indicates that the specific com- 
bination under discussion acts as a single agency, and 
pit reductions of from 80 to 90 per cent may be ex- 
pected. 

Anodic inhibitors are efficient corrosion inhibitors 
only if used in sufficient quantity. Both phosphate 
and chromate are anodic inhibitors, and it was contrary 
to established principles to find that a combination of 
these anodic inhibitors at low concentrations and with 
controlled pH would reduce pitting to a minor fraction 
of that which would be obtained with either material 
separately. While it might be expected that with 
fewer pits there would be greater depth, such was not 
the observed case; actually the pits were very shallow 
and seemingly non-aggressive. Observations of test 


! Copies of the complete papers and discussions may be obtained for $7.50 
by writing to the Society office at the same hotel. 
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specimens at 150 magnifications show no measurable 
depth for the affected areas, while pit depths of 0.1 and 
1.0 in. per year penetration were secured with chromate 
and phosphate treatments, respectively, under the 
same conditions. 

As concerns pH limitations, the Dianodic method 
proved most effective with values ranging from 5.0 to 
8.5. From the standpoint of general corrosion the use 
of this method to reduce pitting and tuberculation is 
claimed to involve no disadvantages. Tests have 
shown that it is as effective against corrosion or steel 
loss as sodium chromate treatment alone and far super- 
ior to polyphosphate alone. Tuberculation is more 
severe with chromate treatment due to the formation of 
iron oxide over isolated pits than it is with phosphate 
treatment with its dispersing action. However, results 
in the prevention of tuberculation with the Dianodic 
method are said to be superior even to phosphate treat- 
ment. 

Operating results in cooling systems, using waters of 
widely varying characteristics, have confirmed the 
laboratory and pilot plant data on the ability of this 
method to minimize pitting and tuberculation. Free- 
dom from general corrosion and marked reduction in 
pitting and tuberculation have been obtained with 
circulating waters of 3000 to 5000 ppm chloride content. 


Discussion 


The required close control of pH might be difficult 
under some operating conditions, it was pointed out. 
The most promising application appears to be in cooling 
tower service, although there are many plants having 
towers but not the necessary laboratory facilities to 
check corrosion problems. With the increasing use of 
closed systems as a result of water shortages, chemical 
treatment of cooling water is becoming more attractive. 

In response to a question concerning the length of 
the reported tests, it was stated that the original results 
were substantiated by actual plant operation over a 
period of one to two years with water temperatures up 
to 160 F. To prevent pitting in refrigerating systems 
employing brines, it was reported that 150 ppm using 
the Dianodic method would perform as satisfactorily as 
1630 ppm chromate under similar conditions. 


Evaporation vs. Demineralizing and 
Silica Removal 


‘High Pressure Boiler Feedwater Treatment, Evapo- 
ration vs. Demineralizing and Silica Removal’ was 
the title of an economic study made by V. J. Calise, 
technical director of Graver Water Conditioning Co. 
For many years the makeup to high-pressure central 
stations has been distilled water obtained by evapora- 
tion, but with the practical development of demineral- 
izing and silica removal by ion-exchange, another 
method has been made available for producing water of 
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distilled purity. A number of utility power plants are 
now operating or have under design demineralizing and 
silica removal ion-exchange equipment to produce 
boiler feedwater makeup. While most of these are 
operating with makeup percentages ranging from 0.75 
to 1.5 per cent, some are employing such removal 
equipment where more than 20 per cent of treated 
makeup is required. 

As a basis of comparison of evaporators with pre- 
treatment and demineralization plus ion-exchange 
silica removal, a central station was assumed to consist 
of four 60,000-kw single boiler-turbine-generator units. 
Each boiler would have a steam capacity of 500,000 Ib 
per hr at 1250 psig and 950 F. For both the evapo- 
rators and demineralizers the normal percentage make- 
up was assumed to be one per cent or 5000 Ib per hr per 
unit, but for design purposes the individual units were 
provided with a capacity of 10,000 lb per hr. A central 
two-step demineralizing and silica removal plant, as 
well as an evaporator zeolite pretreatment plant was 
calculated for both cases. It was assumed that the 
effluent from the demineralizing equipment and the 
evaporator would contain less than 1.5 ppm total dis- 
solved solids. 

Based on ultimately treating 40,000 lb per hr of clear 
clean water such as is found in Lake Michigan in the 
Chicago area, the installed investment for zeolite pre- 
treatment plus evaporators and evaporator deaerating 
heaters amounts to $67,500, of which $14,500 is the in- 
stalled zeolite cost and $53,000 is the evaporator equip- 
ment cost. The operating cost with evaporators and 
water pretreatment consists of (1) loss in power due to 
degradation or loss of available energy in steam re- 
quired for evaporation; (2) loss of heat energy in 
evaporator blowoff; (3) cost of chemical pretreatment 
of evaporator makeup; (4) cost of replacement of zeo- 
lite; (5) labor maintenance cost; and (6) amortization 
on installed equipment. 

In evaluating losses due to degradation of energy it 
was calculated that at full load on a 60,000-kw turbine 
the net power available would be diminished by 96 kw. 
With four units operating at 80 per cent load factor and 
assuming the selling price of power at 1 cent per kwhr, 
the charge for evaporator operating would be $74 per 
day. This value might be reduced between 25 and 35 
per cent, or to $52 per day, by the use of evaporator 
condensers. Eliminating labor operating cost for both 
evaporators with pretreatment and demineralizers plus 
silica removal, which are assumed to be equal, the daily 
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cost of evaporator operation for Chicago water would 
amount to $73.94 per day, which includes all six factors 
previously mentioned. 

For demineralizing and silica removal, central treat 
ment is proposed on the basis of a two-bed demineral 
izing and silica removal plant having two cation and 
two anion units taking a load of 40,000 Ib per hr at a 
rate of 4 gpm per sq ft. The installed demineralizer 
cost under these conditions was estimated at $46,000 
for Chicago water. The cost of operating this equip 
ment would consist of (1) chemical cost, (2) zeolite 
replacement cost, (3) labor maintenance cost and (4) 
amortization on installed equipment. For Chicago 
water the operating cost with demineralizing and ion 
exchange silica removal amounts to $17.85 per day ex 
clusive of operating labor. 

Comparisons of the two methods were also made for 
treating New York City water and Pittsburgh water. 
In all three cases the savings estimated for using ion- 
exchange equipment amounted to approximately $50 
per day. The major item in such comparisons is the 
loss of available energy due to steam pressure drop 
across evaporators. Both methods can provide effluent 
containing dissolved solids of less than 1.5 ppm. In 
addition to the economic factors, the demineralizing 
equipment offers the advantage of flexible operation 
independent of turbine load. 


Discussion 


J. H. Harlow, of Philadelphia Electric Co., told of the 
construction of a demineralizing plant having a capacity 
of 600,000 lb of water per hr at the Schuylkill Station, 
where a part of the steam is used for heating without 
condensate return. The new installation is located in a 
separate building and consists of a two-bed system 
with a degasifier. Philadelphia city water is used, and 
it is expected that effluent quality will be high and that 
regeneration will take place at reasonable intervals. 

D. Forty of the Public Service Co. of Northern Illinois 
reported that demineralizers were being installed in new 
stations operating at 1800 psig and that studies and 
operating experience have shown that demineralizer 
plants are less expensive and more satisfactory than 
evaporators on Lake Michigan water. 

The amount of heat degradation and the costs charge- 
able to it for evaporator operation were questioned. 
It was also pointed out that the cost of treatment with 
demineralization varies with the amount of dissolved 
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solids, whereas the variation in cost using an evapo- 
rator may be less. Considering the cost of space in a 
modern central station, one advantage of the deminer- 
alizer is that it may be located in a separate building 
where it remains independent of the steam cycle. The 
relative ease of operation of the two methods was open 
to question, and it was stated that demineralizing can- 
not be applied to sea water or strong salines. Com- 
pression distillation was mentioned as one means of re- 
ducing the degradation of energy loss attributable to 
the evaporator, and it may prove interesting for future 
analysis. 


Vapor Purity in Evaporators 


R. M. Buchanan and A. A. Pace of the Duquesne 
Light Co. presented a paper entitled ‘‘Evaporator 
Purity as Related to Station Design.’’ Taking every- 
thing into consideration it would appear that the vapor 
from an evaporator should be of a purity at least equal 
to that from a boiler and that it should not be unreason- 
able to produce a vapor with 0.5 ppm or less dissolved 
solids. However, a survey made by the Prime Movers 
Committee of the Pennsylvania Electric Association in 
1949 showed that only seven of 22 evaporators re- 
ported were capable of producing a vapor purity of 1.0 
ppm at rated capacity and that nearly half of the 
evaporators had to be dropped to 50 per cent of rating 
or below to produce a reasonably good steam. 

Because of the importance of the evaporator, its 
design and operating characteristics deserve special 
attention. Carryover that does not exceed 1.0 ppm dis- 
solved solids can be attained by considering the follow- 


ing points: 


1. Purchasing an evaporator of adequate size. 

2. Arranging station design so that evaporator 
operation is not affected by turbine load 
changes. 

3. Providing evaporator feedwater of such quality 


that operation may be continuous without 
corrosion and scale troubles. 

4. Operating at predetermined optimum load, water 

level and liquor concentration. 

Selection of the evaporator vapor pressure should be 
made at a level where feedwater can enter and blow- 
down water can leave the shell without pumps. Cost of 
shell design can be held to a minimum if the vapor 
pressure is below 52 psig. In the survey previously 
mentioned it was disclased that 24 out of 38 evaporators 
reported are arranged so that vapor pressure varies 
with load changes. Of these, eleven experienced carry- 
over during load changes. 

In sizing evaporators it is the recommendation of the 
authors that the known makeup value be multiplied by 
four to set evaporator capacity. They also urge that 
the diameter and length of shell should be specified for 
a given capacity. 

The two control devices required for an evaporator 
are an air-operated level controller for the feedwater 
and a constant-vapor-pressure controller. Necessary 
instruments include a pressure gage, vapor pressure 
gage, vapor steam flow meter, a blowdown flow indi- 
cator, a two-point vapor conductivity recorder, a blow- 


COMBUSTION—November 1950 


down conductivity recorder, and industrial thermom- 
eters on the deaerator and blowdown heat-exchanger. 

Degasification is recommended because it prevents 
oxygen corrosion of evaporator parts and decreases the 
amount of gaseous impurities, such as carbon dioxide 
and ammonia, entering the system. 


Discussion 


The matter of silica carryover from evaporators 
operating at 5 psig was the subject of some speculation. 
It would seem improbable that this carryover results 
from vaporization and likely that it may be caused by 
entrainment in liquid particles. By reducing the dis- 
engaging velocity of the evaporator to less than 0.25 
fps, moisture may be eliminated, and it was thought 
that more attention in evaporator design should be 
given to the amount of disengaging area, which may be 
even more important than heat-transfer surface. 

It was pointed out that vapor quality from evapo- 
rators is dependent upon area of evaporation, flow rate, 
and vapor density, the last being dependent upon the 
vapor pressure in the shell. There was considerable 
discussion of the effect of variation in station load and 
its effect upon evaporator output. 


Steam Sampling 


“Sampling of Steam for the Determination of Purity” 
was the title of a paper by B. J. Cross of Combustion 
Engineering-Superheater, Inc. Ina generally accepted 
sense, steam purity refers to solid impurities or to those 
substances that remain as solids in the residue after a 
sample is evaporated to dryness. Purity of steam is 
expressed as parts per million of impurity, the usual 
specification being one part per million or less of im- 
purity. The steam quality refers only to the moisture 
content, and while steam purity may be estimated 
from steam quality if the solids content of the con- 
tained moisture is known, this is not always a safe 
assumption. Examples of this occur when steam 
washers are used and under foamy water conditions. 

Because of the more strict present-day requirements 
for steam purity, it is suggested that sampling proce- 
dures which may have been adequate in the past be re- 
viewed in order to improve them and bring them close 
to the reality of present-day practice. Practical re- 
quirements necessitate that a sample be limited in size 
but still be representative of a large mass of material. 
It must contain all ingredients, both the impurities and 
the values, in the same weight proportion found in the 
mass sampled. Some factors contributing to sampling 
difficulty are large particle size, great variation in 
particle density, and uneven distribution of particles 
through the mass to be sampled.- 

At the usual steam sampling rate of 100 Ib per hr the 
impurity in the matter withdrawn is less than 0.7 grain 
per hour. Since steam lines contain bends, elbows and 
valves which disturb the flow and tend to segregate 
impurities, the sampling procedure must be based on 
assumptions, of which the following are most important: 

1. The velocity front is reasonably flat. Since the 
usual flow rate in steam lines is well within the range of 
turbulent flow, and since it is possible that supersonic 
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vibration may exist to knit together the elements of 
flow, this assumption appears reasonable. 

2. The density difference of the steam and the mist, 
fog and particulate matter carried with it is of the same 
magnitude as that for steam and water at the pressure 
and temperature of the steam in the line. 

3. The distribution or dispersion of the impurities 
over the sampling section, if not uniform, is at least 
symmetrical along the axis of the sampling nozzle in the 
pipe. 

The presence of a film of moisture carried along the 
wall of the pipe poses a difficult problem in attempting 
to locate a sampling port which would include such a 
film in its proper proportion in the sample. A design of 
sampling nozzle was proposed by means of which a 
representative sample could be collected under the 
assumed conditions. 

There are two basic principles in sampling steam. 
First, the velocity entering the ports of the sampling 
nozzle must be the same as the line velocity of the 
steam. Second, each port of the sampling nozzle 
should represent an equal area of the sampling section. 
These principles are the same as those on which is based 
the recently adopted tentative method for steam 
sampling, ASTM D-1066. 


Discussion 


Prof. W. C. Andrae of Cornell University stated that 
the fine points of detail necessary for obtaining a 
representative sample are too little understood and too 
often dismissed in favor of a rule-of-thumb solution. 
Use of the modified nozzle to bring the liquid film on the 
wall of the pipe out to where it can be properly handled 
appears to be a good idea. 

Prof. H. M. Cather of West Virginia University 
agreed generally with the principles set forth but ex- 
pressed some doubt about the necessity of adjusting the 
sampler inlet port velocity to steam line velocity. He 
pointed out that under highly turbulent flow conditions 
the trajectory of the particles of impurity is erratic and 
not necessarily parallel to the pipe axis. 

According to E. P. Partridge of Hall Laboratories, 
Inc., a distinction must be made between the commer- 
cial viewpoint of steam sampling and that of the engi- 
neer searching for a practical means of reducing carry- 
over and improving steam purity. The emphasis in the 
former is in securing a truly representative average 
sample, whereas in the latter the purpose is to collect a 
sample as rich as possible in contaminants at a point as 
close as possible to the source of contamination. Be- 
cause of the extreme turbulence in a steam line he sug- 
gested that the precautions outlined by the author 
might not be necessary. He urged actual testing to 
demonstrate the comparative results with different 
sampling devices and felt that such a project might be 
sponsored by the Joint Research Committee on Boiler 
Feedwater Studies. 

R. A. Lorenzini of Foster-Wheeler Corp. felt that 
from the point of view of velocity distribution it 
appeared desirable to install a sampling nozzle near the 
entrance to superheater tubes. Since the local veloci- 
ties and velocity distribution in the steam space of the 
drum are not readily ascertainable, that location is not 
considered satisfactory for steam purity measurements. 
He pointed out the practical difficulties of finding a 
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physical location in a power plant which conforms with 
the ideal condition of having a sampling nozzle not less 
than 45 diameters downstream from the last disturb 
ance with 15 diameters of straight pipe following th« 
nozzle. He also proposed that the particle size and 
distribution could be developed by mathematica] 
analysis. 


Control of Carbon Dioxide in Condensate 


T. B. Kneen and R. R. Kountz of Pennsylvania State 
College delivered a paper entitled ‘“‘An Economic Analy 
sis of Condensate Corrosion Control Methods.’ The 
mechanics of corrosion of condensate return lines is 
understood as the attack of ferrous and cuprous alloys 
by carbonic acid. This corrosion may be controlled by 
substituting acid-resistant alloys for the usual metals, by 
preventing the formation of carbon dioxide in the steam, 
or by neutralizing the effect of carbonic acid in the 
condensing equipment. 

The study was made in an attempt to establish a 
rough yardstick by which the overall cost of various 
corrective measures could be evaluated in a typical 
small steam generating plant. Although the effective- 
ness of correction varies with the several methods, it 
was assumed that in all cases the replacement of con- 
densate return lines was reduced in a similar degree. 
The pilot plant is assumed to have an annual steam 
load of 145 million pounds at 125 psig with a short 
winter peak of 50,000 lb per hr. There are three 30,000 
lb-per-hr steam generating units, of which two normally 
operate during the winter months; makeup is assumed 
to be 25 per cent; and the plant is expected to service 
more than a mile of buried steam and return lines as 
well as smaller piping located in between 20 and 30 
buildings. 

On a differential basis between treatment methods, 
where no treatment is employed to reduce the alkalinity 
of the waters, ammonia or a filming amine compound 
holds the economic advantage. Where partial de- 
carbonation treatment is employed, the use of relatively 
small quantities of neutralizing amines is economically 
advisable. When complete decarbonation of the 
makeup water is employed, the system involving hydro- 
gen zeolite with degasification and caustic feed offers 
the lowest annual cost. 

Where a water of low hardness and low mineral con- 
tent is used for makeup, a filming amine compound is 
favored due to the ease of application and lack of feed 
control measures. With a highly mineralized hard- 
water, the use of a hot lime softener followed by zeolite 
softening and subsequent treatment of the steam with a 
neutralizing amine seems most practical. 


Boiler Scale at 2500 Psi 


“Experimental Studies of Boiler Scale at 2500 Psi’’ 
was the title of a report by J. A. Holmes and C. Jacklin 
of National Aluminate Corp. Representing a con- 
tinuation of experimental studies reported at previous 
Water Conferences, the paper is based upon tests con- 
ducted upon a laboratory boiler heated by electronic 
induction. Heat-transfer rates range from 100,000 Btu 
per sq ft per hr at an evaporation rate of 15 lb per hr to 
a maximum of 225,000 Btu per sq ft per hr, the latter 
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being sufficient to cause metal failures similar to those 
experienced in regular plant boilers. 

Under test conditions boiler pressure was held to 
within 100 psi, plus or minus, of the indicated value, and 
heat rates were maintained within an average of plus or 
minus ten per cent. All feedwater was mechanically 
deaerated and treated with sodium sulfite to maintain a 
sulfite residual of 10 to 20 ppm in the boiler water. 
Sodium salts were used and a concentration ratio of 30 
was maintained in the boiler water. 

Tests indicated that the behavior of calcium and 
magnesium compounds in the feedwater were similar to 
those previously reported at 1500 psi and lower heat- 
transfer rates. Deposits may lay down on all heated 
areas of the boiler regardless of rate of heat transfer, 
and deposition rate is mainly dependent upon the 
amount of calcium and magnesium in the feedwater. 

Magnetic iron oxide occurs over all ranges of pressure 
and rates of heat transfer, but usually above 250 psi, 
being especially troublesome where heat-transfer rates 
are high. Rate of deposition is chiefly a function of 
iron concentration in feed and boiler water, while the 
rate of heat transfer determines the extent of caustic 
corrosion resulting from caustic harbored in magnetic 
iron oxide. 
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Boiler water phosphate curve showing evidence of phos- 
phate hide-out with reduction of pressure from 2500 psi to 
1500 psi 


Sodium ferrous phosphate occurs under conditions of 
high pressure and high heat transfer with phosphate 
present above a certain limit. Deposits occurred only 
on areas of excessive rates of heat transfer which were 
also partly steam blanketed. 

In order to verify whether a deposit of sodium ferrous 
phosphate is responsible for sodium hideout, as has been 
reported, a two-part test was made. The first half was 
run at 2500 psi for 24 hr with a heat-transfer rate of 
165,000 Btu per sq ft per hr and an average phosphate 
concentration of 64 ppm. With conditions unchanged 
except for reduction in pressure to 1500 psi, the test 
was continued for another 24 hr. during which time the 
average phosphate concentration increased to 98 ppm, 
as shown in the accompanying curve. These higher 
phosphate readings indicate that sodium ferrous phos- 
phate formed at higher pressure may go into re-solution 
at lower pressure. This would explain the increase in 
phosphate concentration which has been observed 
when there has been a reduction in boiler pressure or 
rating. 

Acmite or sodium iron silicate occurs under condi- 


COMBUSTION—November 1950 


tions of high pressure, high rates of heat transfer and 
presence of silica. Deposits are more uniformly dis- 
tributed in areas of high heat transfer and do not appear 
to require steam blanketing, as is the case with sodium 
ferrous phosphate. 

Analcite occurs under conditions of high pressure, 
high rates of heat transfer and presence of certain con- 
centrations of alumina and silica. 


Discussion 


Experimental boilers, it was stated, have reproduced 
conditions found in actual steam generating practice 
and have verified much of the theory of water treat- 
ment. One limitation is that it is difficult to obtain 
accurate measurement of metal temperatures in the 
small experimental units. Considerable significance 
was attached to the fact that silica-compound deposits 
were found in regions of maximum heat transfer having 
some steam blanketing. 

One discusser suggested that a small boiler of similar 
design be used to study experimentally possible alloy 
materials suitable for corrosion-resistant tubes. It 
was reported that the electronic method of induction 
heating could be used to provide heat transfer rates as 
high as 1,300,000 Btu per sq ft per hr. 


Other Papers 


W.S. Morrison and A. H. Kahler of the Illinois Water 
Treatment Company presented an “Initial Report of 
Operating Data from Industrial Mixed Bed De-Ionizing 
Units.”’ The single-column method of de-ionizing has 
proved to be an effective method and has produced 
water at room temperature having a conductance of 89 
per cent that of theoretically pure water and with a 
silica content of less than 0.1 ppm. 

‘Hot Lime Treatment Followed by Sodium Zeolite’ 
was the title of a paper by S. B. Appelbaum of the 
Cochrane Corp. While this treatment is relatively 
new in the United States, it had been in use in Germany 
before World War II. Its major field of application 
appears to be in high-pressure boilers having high 
makeup, where silica must be at a minimum. The 
treatment is capable of producing low alkalinity, zero 
hardness, and marked reduction in solids at very low 
cost. 

J. R. Denton of Worthington Pump and Machinery 
Corp. and R. I. Smith of Public Service Electric and 
Gas Co. discussed ‘“‘Evaporator Feedwater Treatment 
at Sewaren Generating Station.’’ In this station the 
evaporator is located on a platform adjacent to the tur- 
bine, and a steam jet deaerator is placed ahead of each 
evaporator. Because of the high silica content of water 
available at Sewaren a cation-exchange system operating 
on the hydrogen cycle was adopted for pretreatment of 
the makeup water in advance of the evaporator. This 
water treatment operates automatically except for re- 
generation, the frequency of which is based on the 
conductivity of the effluent. The authors reported 
that silica content of the makeup over a five-month 
period was held to 0.85 ppm and that the evaporator 
has performed satisfactorily. High quality vapor has 
been produced at the same time that evaporator main- 
tenance has been minimized, while automatic operation 
of the pretreatment plant has proved successful. 
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The Ljungstrom operates on 
the continuous regenerative 
counterflow principle. The 
heat transfer surfaces in the 
rotor act as heat accumulators, 
As the rotor revolves the heat 
is transferred from the waste 


gases to the incoming cold air. 


All fuels burn better with preheated combustion air, and it is a 
“must” for many of them, such as high moisture powdered coal. 
In addition, the continuous regenerative counterflow principle of 
Ljungstrom permits reliable operation at low exit gas temperature. 
This assures the greatest possible heat recovery ... reduces the 
amount of fuel required. 

The efficiency and reliability of the Ljungstrom air preheater 
is a matter of record in industrial and utility plants throughout 
the country. That is why every year a constantly increasing per- 
centage of the installed boiler capacity is equipped with Ljung- 
strom air preheaters. 

If you are planning a new installation, or modernizing your 
present one, our engineers will welcome the opportunity to show 
you how the Ljungstrom can raise the efficiency of your plant. 


THE AIR PREHEATER 


60 East 42nd Street, New 


York 17, 


CORPORATION 
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Facts and Figures 


A large boiler is lower in first cost than two boilers of 
half the capacity. 
* 
Heat transfer rates through economizer surface range 
from 3000 to 4500 Btu per sq ft per hr. 


Use of small-diameter, thin-walled tubes in forced- | 


circulation boilers permits higher heat-absorption rates. 
s 

The United States accounts for approximately 35 per 
cent of the world’s coal output, Continental Europe 
(including Germany) produces about 41 per cent, and 
Great Britain 12'/, per cent. 

* . 

The principal function of chromium in alloy steel for 
use at elevated temperatures is to improve the scaling 
resistance by formation of a protective oxide. 
of molybdenum increases the strength. 

* 

According to the Federal Power Commission, the 
nation’s electric power generating plants burned 55 
per cent more natural gas in 1949 than they did in 1948. 

» 
The thermal efficiency of steam turbines increases with 


Inclusion | 


higher pressures, whereas the thermodynamic efficiency | 
decreases; but the latter increases with size of the unit. | 


« 

Mechanical cooling towers can have smaller areas than 
atmospheric towers because of greater intimacy of con- 
tact between air and water, which permits more water to 
be distributed per square foot. 

es 


According to a statement by A. R. Hellwarth of 


Detroit at the Annual Meeting of the Engineers’ Council 
for Professional Development, industry invests at least 
$10,000 and two years of time before a newly recruited 
engineer is able to accept full responsibility of a job in a 
modern industrial organization. 


Partly through ECA assistance, the power capacity of 


Italy is being augmented by the construction of numerous | 


steam stations, with the result that the total installed 
generating capacity is changing from 98 per cent hydro 
and 2 per cent steam to 75 per cent hydro and 25 per cent 
steam. 


The American Petroleum Institute is authority for the | 


statement that of all oil wells drilled in the United 
States since 1859, some 23 per cent have been dry, and 


only one well in five has turned out to bea producer. A | 


total of more than 39,000 wells were drilled in 1949, 
including a large number of “‘service wells’’ which are 
those drilled for the injection of water or gas to increase 
the flow of oil. 

« 

Congress has lately given statutory sanction to the 
revised electrical units as determined by research at the 
National Bureau of Standards. However, the magnitude 
of the changes is small, in no case differing more than one- 
twentieth of one per cent from the previously accepted 
units. 


COMBUSTION—November 1950 


1500* and 2500’ 
WELDVALVES 


re) 
= 
z 
z 
< 
2 





HANCOCK 








Right from the start, Hancock 1 soo# and 2500# 
Steel WELDVALVES have been a top choice 
selection of design and operating engineers. 


For Hancock’s superb functional design elimi- 
nates three possible leakage points—bonnet 
joint, gaskets and seat inserts. Beyond this, 
test and field operating experience since 1935 
has proven that seat and disc life is permanent. 
These Auskier, tougher, yet lighter valves are 
space savers, too! And two valve body sizes 
take care of all pipe sizes up to 2 inches. 
Specify or replace with Hancock WELD- 
VALVES—built to outlast boilers and lines. 
Service ratings up to 2500#—1050° F., W.S.P. 
and 6booof#f—100° F., O.W.G. 
through 


” 


Sizes \% 


You can depend upon your Hancock 
Distributor for prompt service. 
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Annual Joint Fuels Conference 


N attendance of more than three 
hundred marked the Thirteenth 
Annual Joint Fuels Conference, sponsored 
by the Fuels Division of ASME and the 
Coal Division of AIME, which was held 
at the Hotel Statler, Cleveland, Oct. 24-25. 
The first paper at the opening session 
was on gas analyzers and was given by 
C. H. Barnard of Bailey Meter Co., who 
discussed the application of automatic gas 
analyzers and control from gas analysis on 
various combustion processes. 
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EXCESS AIR = PER CENT 
Relation between oxygen, CO. and ex- 
cess air in an oxidizing atmosphere 


For oxidizing atmospheres, a catalytic 
combustion-type oxygen analyzer is em- 
ployed, using a standard fuel to burn out 
the excess oxygen on a catalyst filament; 
whereas for reducing atmospheres a sim- 
ilar analyzer uses air for fuel to burn un- 
burned combustible gas. 

A complete, high-speed sampling sys- 
tem was described which will handle dirty, 
high-temperature gases, cleaning and de- 
livering them to the analyzer in a brief 
time. 


Stoker Types Discussed 


A panel discussion dealing with the rela- 
tion between coal characteristics and coal- 
burning equipment included remarks on 
‘Underfeed Stokers,” by J. S. Bennett of 
American Engineering Co.; ‘‘Pulverized 
Coal,’’ by Roger Curfman of Cleveland 
Electric Illuminating Co.; ‘Spreader 
Stokers,’’ by Earl Beckwith of The De- 
troit Stoker Co.; ‘‘Chain Grate Stokers,”’ 
by Harry Huston of Johnson & Jennings; 
and “Cyclone Furnaces,”’ by Frank Gilg 
of Babcock & Wilcox Co. 

With regard to underfeed stokers, Mr. 
Bennett observed that while some coals 
may be difficult to burn at high rates with- 
out cinder discharge, in general, no cinder 
recovery is necessary with this type of 
stoker and there is little or no smoke, If 
the coal is friable, larger size is permissible 
than with non-friable coal, and ash-fusion 
temperature is an important factor. He 
mentioned that water cooling permitted 
the burning of lower grade coals and cited 
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one underfeed installation serving units of 
around 500,000 Ib per hr. 

Discussion by a representative of an- 
other manufacturer of multiple-retort un- 
derfeed stokers revealed that it had sold 
twelve so far this year, aggregating some 
800,000 Ib per hr of steam generating 
capacity. 

Mr. Curfman reviewed troubles incident 
to high sulfur in attacking bunkers, the 
effect of excessive moisture on coal feed 
and the desirability of high grindability. 

Spreader stokers, said Mr. Beckwith, 
can handle a wide range of coals, with the 
exception of anthracite; coke breeze and 
semi-anthracite require a water-cooled 
furnace and the proper percentage of fines. 
Although coal of 1'/2 in. down may be 
burned, preference is given to °/, in.—0. 
Ash content may be disregarded with the 
continuous-discharge type, although pro- 
vision should be made for cinder recovery. 
The present top size for steam generating 
units now in service, so fired, is 340,000 lb 
perhr. Heat release rates per square foot 
of grate, as cited by Mr. Beckwith, range 
between 350,000 and 450,000 Btu for the 
hand-cleaned type and 600,000 to 750,000 
Btu for the continuous-discharge type. 
However, designs involving a heat release 
of 900,000 Btu per sq ft per hr are now 
under way. 

Mr. Huston mentioned the difference 
between the chain-grate and_ so-called 
traveling grate types. Ash content, he 
observed, is of minor importance; al- 
though 7 to 8 per cent may be considered a 
minimum and above 14 to 15 per cent may 
involve carbon loss at high rates of burn- 
ing. With improvement in control, cak- 
ing coals are now being burned on chain- 
grate stokers and where high air preheat 
is employed, use of alloys becomes neces- 
sary for certain stoker parts. Size consist 
is important, with a top size of 1'/, in. 
preferred. However, with some coals up 
to 40 per cent fines is permissible if provi- 
sion is made to avoid segregation. Many 
coals require tempering, although no rule- 
of-thumb is possible as a guide in this re- 
spect. The heat release per foot of fur- 
nace width is most important. With a 
refractory furnace this figure may range 
up to 4 or 5 million Btu per hr and with a 
completely water-cooled furnace up to a 
million Btu. 

Mr. Gilg stated that temperature in the 
cyclone runs over 3000 F with 7 to 10 per 
cent excess air, and that approximately 90 
per cent of the ash in the coal is trapped in 
the molten slag. While this method of 
firing is best adapted to coal of relatively 
low ash-fusion temperature, he stated that 
coal of 2600 F ash-fusion temperature had 
been burned with high-temperature air. 
Volatile content is important to insure 
rapid combustion. 


Smoke Control 


At the first luncheon session, H. G. 
Dyktor, Commissioner of the Air Pollution 
Division for the City of Cleveland, stated 
the overall problem of atmospheric pollu- 
tion control involves both social and 
engineering factors. The public some- 





times expects the impossible and con- 
sideration must be given to industries in 
properly zoned sections that are cooperat 
ing and endeavoring to do as good a job as 
possible in avoiding a nuisance. Pollu 
tion, he pointed out, may result in part 
from certain industrial precesses, from the 
combustion of fuel in power plants or 
apartments and also from traffic. It is 
important to determine the source and the 
extent of its contribution. 

In Cleveland the ordinance is of the per- 
formance type without fuel restrictions, 
and it has not been necessary to resort to 
legal measures. When an offender re 
fuses to cooperate it is usually sufficient to 
invite newspaper publicity with pictures. 
However, annual inspections of equipment 
are important. 

Mr. Dyktor observed further that fed 
eral legislation has no place in smoke con- 
trol; that the enforcement body should be 
independent of other city bureaus and 
that responsibility for enforcement should 
center in a single individual, rather than 
control boards. Cleveland, he - said, 
spends annually between 18 and 19 cents 
per capita for atmospheric pollution con- 
trol. 


Today's Fuel Situation 


Discussing the causes and probable 
effects of today’s fuel situation, H. A. 
Baldwin of General Motors Corp. stressed 
the necessity of looking ahead as far as 
possible in view of the competitive struggle 
between coal, gas and oil. Coal is basic, 
because of its vast reserves, and the indus- 
try must be kept healthy. Although this 
industry for a long time had disregarded 
competition outside its own ranks, in re- 
cent years the increased cost of mining had 
resulted in a consolidation of its position to 
meet outside competition. He blamed 
the importation of foreign oil on the rising 
prices of coal, which had been due largely 
to increased labor cost, which constitutes 
about 60 per cent of the mining cost. 
On the other hand, oil is less sensitive to 
the labor factor. 

Mr. Baldwin stated that natural gas 
reserves are sufficient for at least a gener- 
ation and that each year the discovery of 
new reserves has exceeded the current use. 
Heavy oils, however, are a marginal prod- 
uct with gasoline demand dominating the 
supply. 

Unless the coal industry can make a 
profit, there may be danger of it becoming 
nationalized, despite a strong feeling 
against subsidies or other government aid, 
which are not conducive to free enterprise. 
Therefore, the only alternative is to reduce 
production costs and combat competition 
by all means that will offer greater con- 
venience to customers. 

In the discussion of Mr. Baldwin's talk 
it was pointed out that he had ignored the 
developments made by Bituminous Coal 
Research; that large power customers are 
more generally buying coal at the lowest 
cost per million Btu; and that the present 
trend is toward use of the better grades of 
coal. 


The Utility Problem 


As the speaker at the banquet, Elmer 
Lindseth, president of the Cleveland 
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Electric Illuminating Co., reviewed the 
role of the electric utility industry in the 
present national situation. This 21- 
billion-dollar industry is the third largest 
in the country, ranked only by petroleum 
and railroads in terms of invested capital. 
Its present expansion program is the great- 
est in history and in the post-war period 
through 1953 it will have spent approx- 
imately 12 billion dollars in doubling its 
1939 capacity. A conservative estimate 
indicates that the next 20 years will see a 
trebling of the present capacity. 

Referring to the country’s overall eco- 
nomic situation, Mr. Lindseth mentioned 
three possibilities that could disastrously 
strain our economy and destroy the very 
things for which we are fighting. These 
are: 


1. A-speculative boom. 

2. A stagnation in our standard of liv- 
ing because of diversions that 
would produce unrest. 

3. Tax rates so high as to stifle private 
enterprise. 


Pointing out that there is at present 
7'/. million kilowatts of government power 
plants under construction, he sensed a real 
hazard in the piecemeal socialization of the 
industry which the public is slow to realize. 
Moreover, too often regulation is dictated 
by prejudiced persons. 

Following the talk by Mr. Lindseth, the 
“Percy Nicholls Award” was presented to 
Julian E, Tobey, president of Appalachian 
Coals, Inc., as an outstanding leader in 
the coal industry. Presentation was made 
by E. G. Bailey. This annual award is 
named in honor of the late Percy Nicholls, 
for many years supervising fuel engineer 
of the U. S. Bureau of Mines. 

The banquet was also the occasion for 
presentation of a “Fifty Year ASME 
Membership Award’’ to John Rowland 
Brown, president of Reliance Gauge Col- 
umn Co., and the grade of Fellow to 
William Mittendorf, of the Holmes-Darst 
Coal Corporation. 

Papers presented on the second day of 
the meeting dealt more particularly with 
coal preparation, such as sampling at the 
mines, dewatering, flotation process and 
the results of an investigation into the 
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CROSBY SAFETY VALVES—Styles HN & HS 


STYLE HN—Steel safety valves for high pres- 
sure and temperature steam service. Their 
high discharge capacity reduces to a mini- 
mum the number of valves needed. Full 
nozzles and discs are forged from stainless 
steel. Flanged inlet and outlet. Welded inlet 
of unique and superior design also available. 
Fully exposed springs with exclusive cooling 
spool feature. Pressure to 2500 Ibs., temper- 
ature to 1100 F. Sizes 114” to 4”. 


STYLE HS — Steel safety valves for medium 
pressure and temperature steam service. 
Same general construction as HN. Pressure 
to 600 Ibs., temperature to 900 F. Sizes 1” to 6”. 








CROSBY RELIEF VALVES—Style JO 





Crosby manufactures a wide variety of high 
quality relief valves in many sizes. Each pro- 
vides accurate, dependable service and re- 
quires minimum of maintenance. 

STYLE JO Valves are furnished in all Orifice 
sizes; Inlet sizes from 1” to 6”. 

Cast Steel Valves are furnished for tempera- 
tures to 800 F.; Alloy Steel Valves to 1100 F. 
All of these types have forged stainless steel 
FULL NOZZLE construction. 

Cast Iron Valves with semi-nozzle construc- 
tion available for 400 PSI— 100 F., or 250 
PSI—450 F. 





abrasiveness of coal. 

The speaker at the Wednesday luncheon 
was George Whitwell, vice president of the 
Philadelphia Electric Co., whose topic was 
“Competitive Aspects of the Utility Busi- 
ness.”” He declared that the ever-growing 
Federal power program is tending to force 
investor-owned utility companies out of 
business and that taxpayers in seventeen 
northeastern states are called upon to pay 
some 65 per cent of the cost of public 
power, whereas only 20 per cent of the 
total expense is borne by the areas served. 


Crosby also manufactures precision indicating and recording gages 


You are cordially invited to visit our exhibit— 
Booth 59—at the 19th National Exhibition of 
Power and Mechanical Engineering, Grand Cen- 
tral Palace, New York, Nov. 22 to Dec. 2, 1950. 


STEAM GAGE & VALVE COMPANY 
43 Kendrick Street, Wrentham, Mass. 
District Sales Offices: 

BOSTON: NEW YORK: CHICAGO: DALLAS-LOSG ANGELES 


. 
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With regard to federally financed and 
controlled power plants, Mr. Whitwell 
stated that there are now in service 218 
such stations totalling approximately 6°/, 
million kilowatts capacity, and that the . 
planned future hydroelectric program ba bs 


A » esas : ~ ~* nell ood Pots - ; 
ilone involves 60 million kilowatts at an —,.. Fra bat Fao - 
estimated cost of around 52 billion dollars ‘ , ae o 
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This is exclusive of the proposed St ; 
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Lawrence development, the R.E.A. and 
steam plants. 
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A.S.M.E. Annual Meeting 
Program Briefed 


“““T-HE Engineer and His Civic Responsi- 

bility” is ,the theme of the 1950 
Annual Meeting of The American Society 
of Mechanical Engineers to be held at the 
Hotel Statler, New York, N. Y., Novem- 
ber 27—December 1. This year the 19th 
National Power Show will be held in 
Grand Central Palace under A.S.M.E. 
auspices at the same time as the Annual 
Meeting. ; 

Included on the technical program are 
83 sessions and more than 225 papers 
covering essentially the mechanical engi- 
neering fields of power development, ma- 
chine design and industrial management. 
In addition there will be a number of lunch- 
eon and dinner talks by outstanding 
speakers. At the President’s Luncheon on 
Monday, November 27, A. W. Robertson, 
chairman of the board of the Westinghouse 
Electric Corporation will discuss ‘‘The In- 
dividual and Free Enterprise,’’ while at 
the Gas Turbine Luncheon on Wednesday, 
November 29, George V. Denny, Jr., 
moderator of the Town Meeting of the Air, 
New York, will speak on ‘Public Events 
and Public Opinion.” President James 
Cunningham of A.S.M.E. will preside at 
the Annual Dinner and honors night on 
Wednesday, November 29. 

The following listing of papers and 
events is based upon the preliminary pro- 
gram. Since these arrangements are only 
tentative, persons planning to attend spe- 
cific sessions will find it advisable to confirm 
dates and times by contacting A.S.M.E. 
Headquarters prior to the Annual Meeting. 


Iterns of Interest in the Power Field 
Monday, Nov. 27, 9:30 a.m. 


“The Possibility of Balanced Flow in 
Compressor and Turbine Blading,’”’ by 
R. W. Pinnes, Bureau of Aeronautics, 
Washington, D. C. 

“Influence of Reynolds Number on Per- 
formance of Turbomachinery,” by A. M.G. 
Moody and Hunt Davis, Elliott Company, 
Jeannette, Pa., and M. D. Kottas, Nat- 
ional Advisory Committee for Aeronau- 
tics, Cleveland, Ohio. 

“A Study of the Mechanism of Boiling 
Heat Transfer,” by Warren M. Rohsenow 
and John A. Clark, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 


Monday, Nov. 27, 2:30 p.m. 


‘“‘Measured Performance of Pump Impel- 
lers,’ by W. C. Osborne and D. A. 
Morelli, California Institute of Tech- 
nology, Pasadena, Calif. 

“A Method for Calculating the Degree 
of Flow Deviation at the Discharge of 
Centrifugal-Pump Impellers,” by W. C. 
Osborne, California Institute of Tech- 
nology, Pasadena, Calif. 

“Evaluation of the Quality of a Pump 
Impeller,”” by D. A. Morelli and J. H. 
Beveridge, California Institute of Tech- 
nology, Pasadena, Calif. 
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Tuesday, Nov. 28, 9:30 a.m. 


“Heat and Momentum Transfer 
Through Steam in Plain and Modified 
Annuli,”” by George W. Govier and 
Robert R. White, University of Michigan, 
Ann Arbor, Mich. 

“Heat Transfer to a Fluid Flowing 
Turbulently in a Smooth Pipe With Walls 
at Constant Temperature,” by R. A. 
Seban, University of California, Berkeley, 
Calif., and T. Shimazaki. 

“The Precise Measurement of Tempera- 
ture as an Aid to the Study of Heat 
Transfer,”” by H. Dean Baker, Columbia 
University, New York, N. Y., and E. A. 
Ryder, Pratt & Whitney Aircraft Division, 
United Aircraft Corp., Hartford, Conn. 


Tuesday, Nov. 28, 12:15 p.m.—Power 
Luncheon 
Presiding: Glenn B. Warren, General 


Electric Company, Schenectady, N. Y. 


Tuesday, Nov. 28, 2:30 p.m. 


“The Liquid-Coupled Indirect-Transfer 
Regenerator,’’ by W. M. Kays and A. L. 
London, Stanford University, Stanford 
University, Calif. 





Ss = E 7” C ° « 
with U-shaped gates. This construction assures easy 
operation of the valves because operating racks, pinions, 
and supporting rollers are in a space at the side, and, 
therefore, moisture in the coal does not run over these 
parts and cause rapid corrosion and subsequent sticking 
of the valve. 


Write for bulletin. 


COAL VALVES 





“Optimum Design of Gas-Turbine Re- 
generators,’’ by Warren M. Rohsenow, 
T. R. Yoas, and J. F. Brady, Massa- 
chusetts Institute of Technology, Cam 
bridge, Mass. 


Tuesday, Nov. 28, 8:00 p.m. 


Panel: ‘Problems Encountered in Burning 
Heavy Fuel Oil as Related to Attack of 
Metals at High and Low Temperature 
and the Fouling of Tube Banks.” 

Speakers: O. L. Wood, Jr., General Elec 
tric Company, Schenectady, N. Y.; 
E. F. Tibbetts, The Lummus Com- 
pany, New York, N. Y.; V. F. Estcourt, 
Pacific Gas and Electric Company, San 
Francisco, Calif.; Dwight Douglass, 
The Hartford Electric Light Company, 
Hartford, Conn. 


Wednesday, Nov. 29, 9:30 a.m 


‘Pressure and Residence Time Effects 
on Combustion of Pulverized Coal,’’ by 
W. E. Young. 

“Technical and Commercial Aspects of 
the Application of Residual Oil as Fuel for 
Gas Turbines and High-Temperature 
Boilers,” by C. F. Kottcamp and L. O. 
Crockett, Gulf Oil Corporation, Pitts 
burgh, Pa. 

“‘Power-Plant Operation With Hot 
Lime-Zeolite Process,’’ by Louis F. Wirth, 
National Aluminate Corporation, Chicago, 
Ill., and William S. Butler, Dow Chemical 
Company, Ludington, Mich. 








are equipped 


STOCK EQUIPMENT COMPANY 
715C Hanna Building * Cleveland 15, Ohio 


November 19590—-C OMBUSTION 








Le 


Ww 


oe 


ng 
of 











‘Basic Study for a Generating Station,” 
by G. R. Milne, Consolidated Edison 
Company of New York, Inc., New York, 
N. Y. 

“Fireside Deposits of Steam Generators 
Minimized Through Humidification of 
Combustion Air,”’ by Paul Murphy, Jr., 
John D. Piper, and C. R. Schmansky, The 
Detroit Edison Company, Detroit, Mich 


Wednesday, Nov. 29, 2:30 p.m 


“Review of Combustion Phenomena for 
the Gas Turbine,” by D. G. Shepard, 
Cornell University, Ithaca, N. Y¥ 

Furnace Heat Absorption in Pulverized 

Coal-Fired Steam Generator, Willow 

Island Station: 

Part I: ‘“Furnace-Heat Absorption 
Efficiency as Shown by Temperature and 
Composition of Gases Leaving the Fur 
nace,” by James W. Myers and Richard 
C. Corey, Central Experiment Station, 
Bureau of Mines, Pittsburgh, Pa 

Part II: “Variation in Heat Absorption 
is Shown by Measurement of Surface 
Temperature of Exposed Side of Furnace 
Tubes,” by F. G. Ely and N. H. Twyman, 
Babcock & Wilcox Company, Alliance, 
Ohio 


Thursday, Nov. 30, 9:30 a.m. 


‘Simplified Process for Determining 
Steam Purity,’’ by S. T. Powell, consulting 
chemical engineer, Baltimore, Md., and 
I. G. McChesney, Rochester Gas and Elee 
tric Corporation, Rochester, N. Y 

“The Prevention of Embrittlement 
Cracking,” by A. A. Berk, Bureau of 
Mines, College Park, Md. 

“The Solubility of Quartz and Some 
Other Substances in Superheated Steam at 
High Pressures,’”” by G. W. Morey, and 
J. M. Hesselgesser, Carnegie Institution of 
Washington, Washington, D. C. 

“Strain Hardening and Softening With 
Time in Reference to Creep and Relaxa 
tion,’’ by A. Nadai, Westinghouse Electric 
Corp., East Pittsburgh, Pa. 

“Relaxation of Stress in a Heat-Ex- 
changer Tube of Ideal Material,’ by E. A 
Davis, Westinghouse Electric Corp., East 
Pittsburgh, Pa. 

“Expanded Tube Joints in Feedwater 
Heaters and Heat Exchangers,"’ by F. F. 
Fisher and G. F. Brown, Detroit Edison 
Company, Detroit, Mich. 

‘Analysis of Stresses and Displacements 
in Heat-Exchanger Expansion Joints,”’ by 
G. Murphy, Iowa State College, [owa City, 
lowa. 


Thursday, Nov. 30, 12:15 p.m.— Fuels 
Luncheon 


Presiding: Elmer R. Kaiser, Bituminous 
Coal Research, Inc., Columbus, Ohio. 
Speaker: Dr. James Boyd, Bureau of 

Mines, Washington, D. C. 
Subject: Change in Patterns of Fuel 
Supply. 


Thursday, Nov. 30, 2:30 p.m. 


“Combination Spreader Stoker and 
Waste-Fuel Furnaces,’’ by F. C. Messaros, 


(Continued on page 66) 
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Here’s how your high pressure 
Boiler Feed Pump is Precision Built 


Pacitic 




































The steel forging for the outer case is 


thoroughly annealed. 





The diffusers and impellers are chrome 
alloy steel—impellers dynamically 


balanced. 








The unitized internal assembly is 
assembled outside the case. All parts 


are precision finished. | 


The unitized internal assembly is installed 


in the outer case. 





The pump is completely assembled — 
4 ) then performance tested. 


Following test, pump is dismantled; 


checked; inspected; reassembled. 





inspected Pacific Pump is on its way! 


c A precision-built, performance-tested, 
0 4 
~T 







Bulletin 109 Gives Details 
Dacific Pum 


HUNTINGTON PARK, CALIFORNIA 
Export Office: Chanin Bldg., 122 E. 42nd St., New York * Offices in All Principal Cities 
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Packaged Boilers Deserve Good Fans, Too! 


The same engineering talents and the same careful construction 
go into the many stack supporting draft fans we have designed 
for the so-called “packaged” boilers. In some ways, engineering 
faces more difficult design problems because of the utmost effi- 
ciency required in a relatively small space. 

Green Stack Supporting Draft Fans are practical, too. They 
are readily accessible for inspection and maintenance. Shafts 
and wheels are removable endwise without disturbing the stack 
or other structural members. 

To those manufacturing “packaged boilers” or to those oper- 
ating them with fans that don’t seem to be doing the proper 
kind of a job or where maintenance seems too high, we offer the 
services of our experienced fan engineers to (1) design fans 
suitable for the boiler or (2) study the problem and recom- 
mend the remedy. 











Our New Bulletin 
168 gives details of 
our Stack Support- 


E& R E E N Write for a copy. 


Fuel Economizer =) 





COMPANY? inc. 
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(Continued from page 65) 


American Engineering Company, Phila- 
delphia, Pa. 

“Burning Petroleum Coke on Spreader 
Stokers’’ (motion picture), by Otto de 
Lorenzi, Combustion Engineering-Super 
heater, Inc., New York, N. Y. 

“Stress and Deflection Tests of Steam- 
Turbine Diaphragm,” by V. C. Taylor, 
Newport News Shipbuilding and Dry 
Dock Company, Newport News, Va. 

“The Engineering of a 30,500-ton Super 
Tanker—the First Ship Using One Thou 
sand and Twenty-Degree F Steam, by 
Lester M. Goldsmith, Atlantic Refining 
Company and Philadelphia Tankers, Inc., 
Philadelphia, Pa. 

“Methods of Handling Coal at Today’s 
Power Plants,” by Frank Lovett, Link 
Belt Co., Chicago, III. 

“Coal-Handling Installation at the 
Phillips Station, Wireton, Pa.,’’ by E. M 
Hays, Dravo Corporation, Pittsburgh, Pa. 


Thursday, Nov. 30, 8:00 p.m. 


“Analysis of Acoustical Oscillation in 
Burners,” by A. R. Putnam, Battelle 
Memorial Institute, Columbus, Ohio. 

“Effect of High-Frequency Sound 
Waves on Air-Propane Flame,” by C. J. 
Kippenham, Washington University, St. 
Louis, Mo., and H. O. Croft, University of 
Missouri, Columbia, Mo. 

‘‘Recommended Practices for the Clean- 
ing of Turbine Lubricating Systems After 
Service,’”’ prepared by Joint A.S.T.M.- 
A.S.M.E. Committee on Turbine Lubrica- 
tion. 


‘‘An Investigation of the Role of Alumi- 
num in the Graphitization of Plain Carbon 
Steel,” by A. M. Hall and E. E. Fletcher, 
Battelle Memorial Institute, Columbus, 
Ohio. 

“Creep and Creep-Rupture Testing of 
Steam-Boiler Materials,’”’ by J. B. Romer, 
The Babcock & Wilcox Co., Alliance, 
Ohio, and D. H. Newell, The Babcock & 
Wilcox Tube Company, Beaver Falls, Pa. 


Friday, Dec., 1, 9:30 a.m. 

“Effects of Internal Pressure on Stresses 
and Strains in Bolted Flanged Connec- 
tions,”’ by D. B. Wesstrom and S. E. 
Bergh, E. I. du Pont de Nemours & Com- 
pany, Inc., Wilmington, Del. 

“Formula for Pipe Thickness,”” by W. J. 
Buxton and W. R. Burrows, Whiting 
Refinery, Standard Oil Company (Indiana), 
Whiting, Ind. 


“High-Temperature Properties and 
Characteristics of Ferritic Steam Piping,”’ 
by A. W. Rankin and W. A. Reich. 
General Electric Company, Schenectady, 
N. Y. 

“Report on Split Steam Lead at New 
Orleans, by A. W. Rankin and W. A. 
Reich, General Electric Company, 
Schenectady, N. Y. 

“Intake Tunnel Design for Condenser 
Circulating Pumps,’’ by A. I. Ponomareff, 
Westinghouse Electric Corporation, Lester, 
Pa. 
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Friday, Dec. 1, 2:30 p.m. 


‘Background of Present Smoke-Regula- 
tion Ordinances,” by J. F. Barkley, Fuels 
Utilization Division, U. S. Bureau of 
Mines, Washington, D. C. 

“Present Status of Air-Pollution Cen- 
trol,” by H. P. Munger, Battelle Memorial 
Institute, Columbus, Ohio. 


Items of General Interest 


Vonday, Nov. 27, 12:15 p.m.—President’s 
Luncheon 


Presiding: President James D. Cunning- 
ham, A.S.M.E. 

Speaker: A. W. Robertson, Westing- 
house Electric Corporation, Pittsburgh, 
Pa. 

Subject: “The Individual and Free 
Enterprise.” 


Monday, Nov. 27, 8:00 p.m. Junior Session 


A Plan for the First Five Years After 

Graduation: 

“Community Relations,”’ by Karl B 
McEachron, Jr., General Electric Com- 
pany, Schenectady, N. Y. 

“Part-Time Graduate Studies,” by 
J. C. McKeon, Westinghouse Electric 
Corporation, East Pittsburgh, Pa. 

“Nontechnical Reading,” by W. B. 
Embler, Cooper Union School of Engi- 
neering, New York, N. Y. 


Tuesday, Nov. 28, 5:00 p.m.—Roy V 
Wright Lecture 


Wednesday, Nov. 29, 9:30 a.m. 


“Planning Your Future,’”” by T. A. 
Marshall, Jr., Metropolitan Life Insurance 
Company, New York, N. Y. 

“What Industry Expects of and the 
Opportunities It Offers the Young Engi- 
neer in Our System of Free Enterprise,”’ 
by Thomas C. Gary, E. I. du Pont de 
Nemours & Company, Inc., Wilmington, 
Del. 


Wednesday, Nov. 29, 6:30 p.m.—Annual 
Dinner and Honors Night 


Thursday, Nov. 30, 9:30 a.m. 


Symposium on Fuel Engineering Educa- 
tion: 

“What Engineering Schools Should 
Teach About Fuels and Fuel Utilization,” 
by A. A. Potter, Purdue University, 
Lafayette, Ind. 

“How Industry Can Co-Operate With 
and Assist Engineering and Technical 
Schools in Offering Instruction in Fuels 
and Fuel Utilization,”’ by W. E. Reaser, 
Swarthmore College, Swarthmore, Pa. 

“What Is Being Done Today on Instruc- 
tion in Fuel Utilization for Engineering 
Schools?”’ by C. C. Wright, Pennsylvania 
State College, State College, Pa. 

“On-the-Job Training Programs and 
Fuel Utilization,” by R. J. Brandon, The 
Detroit Edison Company, Detroit, Mich. 


COMBUST I ON—November 1950 





who have reduced fuel cost. 


CONSULTING ENGINEER 
EQUIPMENT M’F’R’S. ENGINEER 
FAIRMONT COAL BUREAU ENG’R 
PLANT ENGINEER 


The Fairmont Coal Bureau's cooperative market development 
program has reduced steam costs in many plants, for example: 


Plant “A” producing 35,000 Ibs. of steam per hour— 
fuel savings $41,300.00 per year. 


Plant “B’’ 300,000 Ibs. of steam per hour—fuel savings 
$100,000.00 per year. 


Plant “C” 90,000 Ibs. of steam per hour—overall 
savings $81,500.00 per year. 


facts and figures on hundreds of plants. 
| This “Know-how” applied to your prob- 
| lem might result in savings similar to the 
| case histories shown above. Mail coupon 
| below today, or give us details on your 
| particular steam production problem. 


MAIL COUPON TODAY! 


| 
| Fairmont Coal Bureau engineers have the 
| 
| 





FAIRMONT COAL BUREAU, Chanin Bidg., 122 E. 42nd St., New York 17, N.Y. 
Kindly place me on your mailing list to receive copies of your publications and Technical 

















Reference Bulletins. C-11-50 
_ Name Company 
| Position Nature of Business 
| Address City Zone ____ State 























STRENGTH 


that 
FORESTALLS 


ATTACK 


Adequate defense may well mean strength unchallenged. 


In boiler operation, scientific feedwater control defies cor- 
rosion's threat of aggression. Yet a factor-of-safety allowance in 
boiler design admits the possibility of sneak-attack penetration 
of even this powerful defense. Only total preparedness — 
utilization of every recognized means of preventing such attack 
— can assure security in any degree. 


You get such total preparedness when APEXIOR NUMBER 
1 brush-applied surfacing builds into boiler drums and tubes 
a margin for error that permits steel to take in stride any 
deviation from straight-line performance. APEXIOR becomes 
your first line of defense, holding losses to an expendable 
maintenance item — never exposing steel to risks that are 
always costly even though calculated. 


Where ideal conditions make few police-action demands 
on a protective coating, APEXIOR’s positive contributions to 
boiler performance are yours for an extended service life. 
Smooth APEXIORized metal repels deposits to keep heat trans- 
fer high and distribution uniform . . . to improve evaporation 
and circulation . . . to assure less costly cleaning, mechanical 
or chemical, for APEXIOR is inert to all acid-cleaning solutions. 


8-page Bulletin 1530 tells you more about boiler 
APEXIORizing. Let us send you a copy. 


: ; Unretouched 


photograph showing 


APEXIORized boiler 


es Da MPNEY 
steel as it came out 


14 months operation MM AUUt aU PMU) MeeWu tag (sy 


at 1250 pounds pressure 






MAIN? ENANCE 


HYDE PARK, BOSTON 36, MASS. 


Wi—i 


68 

























JEAGUS JN 


Assures 
Positive 
Distance 
Reading 
of 
Liquid 
Levels 


JERGUSON 
TRUSCALE 


HE modern design JERGUSON 
TRUSCALE GAGE gives new 
accuracy for reading of liquid levels 
in boilers, deaerating tanks, etc. 












Here is the distance reading gage 
which incorporates all of the newest 
engineering features! The Jerguson 
Truscale has exceptional sensitivity, 
with the ability to register changes 
as small as 4 of 1% of range! The 
translucent dial scale is clearly 
lighted from behind, and is easy to 
read, 


The Truscale Gage may be equipped 
with positive alarm system. Lights 
flash and horns sound at specified 
key points when liquid level falls 
dangerously low or rises too high. 
Foolproof anti-surge mechanism 
for use on ships. Available for 
panel, pedestal, or wall mounting. 
It will pay you to investigate. 





JERGUSON TRULEVEL GAGE 


Hydrostatic type distance read- 
ing gage with inverted U-tube 
manometer. Water level always 
visible with space above show- 
ing brilliant red. Built-in fea- 
ture makes possible checking of 
gage accuracy in few seconds. 














Write today for free illustrated 
DATA UNITS on Jerguson Truscale 
and Trulevel Gages 






Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 
Representatives in Major Cities 
Phone Listed Under JERGUSON 
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High-Temperature Corrosion 


When Burning Some Oils 


As is now well known, numerous severe 
cases of high-temperature corrosion of 
superheater spacers have occurred when 
burning some types of heavy fuel oil con 
taining vanadium compounds. These 
have been associated with steam temper 
atures of 950 F and above in power plants 
and steam temperatures up to 1300 F in 
certain process work where the super- 
heater tubes have also been attacked 
The vanadium in the ash residue has been 
regarded as responsible either directly for 
the attack or indirectly as a catalyst. 

Further light has been thrown on the 
subject by recent investigations at the 
Research Laboratory of International 
Nickel Company, as was reported in a 
paper by E. N. Skinner and R. A. Kozlik 
at the Petroleum Mechanical Engineering 
Conference in New Orleans, September 25 
28. The results of these experiments led 
to the following conclusions: 

1. That vanadium content and the co 
presence of alkali in the oil are primary 
factors; with temperature, metal com 
position and time of exposure as supple- 
mentary factors. 

2. That at metal temperatures not ex- 
ceeding 1200 F corrosion probably pro- 
ceeds at a negligible rate due to the ab- 
sence of molten constituents in the ash 

3. That pure vanadium pentoxide 
alone is a potent oxidation accelerant 
when in contact with certain alloys, par- 
ticularly those containing significant 
amounts of molybdenum. Iron-chromium 
alloys of at least 25 per cent chromium 
and nickel-chromium-iron alloys with more 
than 50 per cent nickel and 14 per cent 
chromium were found to have suffered 
only negligible attack at metal tempera- 
tures even as high as 1500 F. 

4. That vanadium pentoxide in com- 
bination with sodium sulfate accelerates 
scaling by promoting extensive sulfidation 
of the underlying metal. If the vana- 
dium/sulfate ratio is small, the attack may 
be severe on alloys containing higher than 
about 30 per cent nickel. Under these 
conditions alloys with good resistance to 
sulfidation and low molybdenum content 
would be damaged to a lesser degree, 
whereas with a higher vanadium/sulfate 
ratio the reverse could be expected 


Energy Sales Continue to 
Increase 


Sales of electric energy to ultimate con- 
sumers by electric utilities during August, 
as reported tc the Federal Power Com- 
mission, exceeded 24,359,000 kwhr which 
was an increase of 14.2 per cent over 
August 1949. For the twelve months 


ending August 31, 1950, sales exceeded 
272 million kilowatt-hours, which rep- 


resented a 7.1 per cent margin over the 
preceding year. The greatest percentage 
increase was in sales to industrial con- 
sumers. 

Peak loads attained a new maximum of 
over 55,316,000 kw in August of this year, 
which exceeded Jast December’s peak of 
54,238,000 kw. 
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RELIABLE SCALE OPERATION IS ASSURED 


with $-E-CO. COAL SCALES 


Specially designed worm reducer with 
extra heavy bearings and gears, together 
with a standard frame, totally enclosed, 
ball bearing motor, assures reliable scale 
operation. In addition, such items as end- 
less feed belt, heavy stainless steel hopper, 
and hardened steel parts, all contribute to 
make a unit which will 
run without failure day 
in and day out. 

Reliability of operation 
is the outstanding feature 
of S-E-Co. Coal Scales. 
You need such units in 


your plant. 





Write for bulletin. 


-STOCK EQUIPMENT COMPANY 
715€ Hanna Building »* Cleveland 15, Ohio 











NEW EQUIPMENT 





Air Compressors 


The Ingersoll-Rand Company, New 
York, N. Y., is offering two lines of their 
“T” series stationary air compressors. 
One of these lines is designed for normal 
industrial pressures of 100-125 psig, while 
the other is rated at 200 psig for continu- 





ous service and up to 250 psig on inter- 
mittent pump-up service. Both types are 
available as tank-mounted, baseplate- 
mounted or bare units, with electric-motor 
or gasoline-engine drive. The units are air 
cooled by means of fan blades integrally 
cast on the fly wheel. Standard equip- 
ment includes a centrifugal unloader, in- 
take filter and muffler and automatic 
start-and-stop control on tank-mounted 
and baseplate-mounted units. 


General Service Pumps 


De Laval Steam Turbine Co., Trenton, 
N. J., has designed a new line of small 
standardized general service pumps, all 
parts of which except the bare pump casing 
are contained in the rotor assembly. 
This arrangement is adaptable to a service 





and exchange plan, for when maintenance 
is required it is merely necessary to remove 
the top cover and end plate studs, lift out 
the assembly and drop a new rotor in 
place. The new Type GS pump is built 
in three sizes for capacities to 450 gpm and 
heads to 230 ft. 
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Centrifugal Fan Ventilator 


Especially suitable for situations where 
powered duct exhaust ventilators operat- 
ing at very low noise levels are desirable is 
a new product of The Swartwout Com- 
pany, Cleveland, Ohio, carrying the trade 
name ‘‘Airlift.”” The power unit features 
a centrifugal-type fan with backwardly 
curved blades, mounted within a weather- 
proof chamber. Welded steel framework 
provides sturdy support for the unit which 
may be furnished in 14 sizes, providing 
nearly 50 capacity variations. 


Steam Trap 


An inverted-bucket steam trap with a 
brass strainer built right into the body has 
been made available by the Armstrong 
Machine Works, Three Rivers, Mich. 
This side-inlet, side-outlet trap may be 
used for draining equipment producing 
relatively small amounts of condensate 
such as sterilizers, unit heaters and steam 
headers and risers. The built-in strainer 
feature eliminates separate strainer, extra 
fittings and installation labor. 











Pump Control 


Builders-Providence, Inc., Providence, 
R. I., has announced the availability of a 
new device for automatically controlling 
pump operation. Known as “Pressureflo’’ 
Control and developed from the original 
invention of M. C. Smith of the Richmond, 
Va., Department of Public Utilities, it con 





sists of a flow-determining means, a pres- 
sure or level sensing device and a mecha- 
nism to translate this information into a 
control function. This control may be 
used to start and stop pumps, to increase 
or decrease the speed of one or more 
pumps, to maintain a predetermined pres- 
sure at any point or to adjust automati- 
cally both pressure and flow to suit vari- 
able demands. 


Need Large Capacity r¢sh-Handling ? 


CHECK WITH BEAUMONT ON A 
HYDRAULIC ASH-HANDLING SYSTEM 











| 
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ASH PIPE LINE 
TO FILL AREA 





WATER OPERATED 
AIR EXHAUSTER 












































A Beaumont HYDRAULIC System: is particularly suited for high capacity ash-handling; handles 
wet ash or dry, molten slag and large clinkers; fits any type of power plant arrangement; is 
completely enclosed, preventing dust or gas from escaping to the boiler room; and can be 


operated by one man on a part time basis. 


Beaumont’s Ash-Handling Division is competently staffed to give you expert recommenda- 


tions on all types of ash-handling systems . . 


. and to provide and install the proper equipment 


to suit your particular requirements. Write today for the Beaumont brochure: “Answers to Your 


Ash-Handling Questions”. 


Vv 


DESIGNERS 










MANUFACTURERS - 


ERECTORS BULK MATERIAL HANDLING SYSTEMS 


BIRCH COMPANY 


1506 RACE STREET, PHILADELPHIA 2, PA. 
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Business Notes | 
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Edward Valves, Inc., East Chicago, Ind., 
has announced the following recent ap- 
pointments and promotions in its organi- 
zation: John E. Stevens, Jr., assistant to 
the president; Carl W. Nedderman, assist 
ant vice president; Lawrence H. Carr, 
director of engineering and research; and 
Thomas E. Skilling, Pittsburgh district 
sales engineer. 

Kinney Manufacturing Company, Bos- 
ton, Mass., has appointed Kenneth Fox 
sales application engineer. He was form- 
erly a vacuum metallurgist with National 
Research Corporation and in his new posi 
tion will assist customers in the solution 
of problems involving use of vacuum. 

Warren Steam Pump Company, Warren, 
Mass., announces that Edward P. Doty, a 
well-known designer of screw and rotary 
pumps, has joined its organization. 

E. F. Drew & Co., New York, has ap- 
pointed Perry S. Lawrence as Southwest 
district manager covering sales and service 
in Texas, Arkansas, Oklahoma and Louis 
iana. It also announces appointment of 
James Quigley, James Devine and Charles 
T. Monroe as laboratory technicians in its 
Power Chemicals Division. 

Aldrich Pump Company, Allentown, Pa., 
has appointed R. H. McPeake sales man- 
ager. A graduate of the U. S. Naval 


Academy, Mr. McPeake has had a num- 
ber of years experience in oil field work 
followed by industrial engineering in South 
America. 

Bailey Meter Company, Cleveland, O., 
has assigned five of its recent training 
course engineers to new branch office posts; 
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Stockpile Coal 


the Safe, Easy 
SAUERMAN 
WAY! 


The operating personnel of power 


plants, processing plants, coal docks, 
etc., where Sauerman Power Drag 
Scrapers are used to store and reclaim 
coal, are unanimous in vouching for 
the many advantages of this equip- 
ment. 


A Sauerman scraper stacks coal layer 
upon layer, forming a pile that is 
homogeneous and safe from spontan- 
cous combustion. The operator is 
housed in a comfortable control cab 


where he has a view of the entire 


Handbook on “Coal Storage by Scraper” free on request. 


SAUERMAN BROS., INC. 


550 S. Clinton Street 















BE tg OOF 
"e 


¥ 


“¢ 








storage area. The operation is auto- 
matic except that a few minutes of 
manual labor is required to change 
the operation from storing to reclaim- 
ing, or vice versa. 


The machine operates 24 hours a day 
if necessary with minimum atten- 
tion or upkeep. In the wide range of 
sizes and types of installations de- 
veloped by Sauerman engineers will 
be found the correct and economical 
machine for almost any coal storage 
project from the smallest to the larg- 
est. 





Chicago 7, Illinois - 





they are: P. K. Bolyard to Atlanta; G. P. 
Dunegan to San Francisco; L. F. Mona- 
han to Denver; R. E. Paulson to Kansas 
City, Mo.; and O. M. Thompson to Cin- 
cinnati. 

Canadian Kellogg Ltd., has started 
operations in a new pipe fabricating shop 
in Edmonton, Alberta, according to an 
announcement by the parent company, 
The M. W. Kellogg Company, engineers 
and fabricators of New York and Jersey 
City. The shop, having an approximate 
monthly capacity of 400 tons, is equipped 
to fabricate not only carbon steel and low 
chrome piping, but also specialty materials 
such as stainless steel and high nickel al- 
loys in a full range of pipe sizes. 


Left—The floating steam-electric 
power generating plant, ‘‘Seapower,"’ 
has been reconditioned under the 
supervision of Dravo Corp. for the 
Brazilian Traction, Light & Power 
Co., Ltd. The big vessel, originally 
built during World War II, supplied 
most of the electric power for rear 
echelon repair and supply depots at 
Ghent, Belgium. From 1946 until 
recently, it was operated at San Juan 
by the Puerto Rico Water Resources 
Authority. It can generate 30,000 kw, 
is 358 feet long and carries a staff of 
58 men. 
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BOOKS 








1—Steam Power Plants 
By PuHi.ip J. POTTER 
Price $6.50 


This addition to the list of college text- 
books covering the heat-power field is 
characterized by an unusually. detailed 
presentation of fundamental theory, with- 
out loss of practical attention to the pres- 
ent state of the power plant art. It also 
ranks among the best-illustrated books of 
its type, not only from the point of view of 
the selection of photographs, diagrams and 
curves, but also as an example of their ex- 
cellent reproduction. 

Following an introductory chapter the 
author undertakes an exposition of Flow of 
Fluids, a chapter which includes an especi- 
ally intelligible discussion of viscosity 
along with practical data on piping. Then 
follow chapters on Pumps, Theory of Heat 
Transfer, Fuels and Combustion, Steam 
Generators, Boiler Auxiliaries, Heat-Ex- 
changers, Steam Turbines, Steam Engines, 
Heat Balances and Economics of Steam 
Power Plants. Each chapter includes 
selected problems of the type encountered 
in power plant design and there is an ap- 
pendix which contains two design prob- 
lems on industrial power plant layouts 
along with typical dimensions and per- 
formance curves of representative equip- 
ment. The chapter on Steam Generators 
includes a 16-page account of boiler de- 
sign, and theoretical considerations rela- 
tive to steam turbines are discussed in 
more than usual detail in the chapter on 
Steam Turbines. 

Practicing engineers will find Professor 
Potter’s book a valuable addition to their 
technical library because it is well written 
and effectively illustrated. 


503 pages 


2—Refresher Notes (Revised) 


By JoHN D. CONSTANCE 


194 pages 83/4 KX 11'/, Price $4.50 


These notes, covering hydraulics, ther- 
modynamics and machine design, form 
the basis oi a tested course the author has 
given for several years past under the edu- 
cational auspices of the Metropolitan Sec- 
tion A.S.M.E. Presenting the fundamen- 
tal concepts, methods and applications of 


these subjects, the text is arranged as a 
review for those who have previously 
studied the subjects, and particularly to 
aid those who contemplate taking the ex- 
amination for a professional engineer’s 
license. In fact, most of the problems 
and their solutions are based on such past 
examination questions. 

The book is in loose-leaf form, with 
paper cover, and the notes are offset. This 
revised edition contains a Mollier chart. 

Each copy of the book will include solu- 
tions to a late New York State Professional 
Engineers’ License examination covering 
the basic engineering sciences. 


3—Fundamentals of Power 
Plant Engineering 


By GeorceE E. Remp 
51/3 X 81/3 Price $6.50 


The author, who is assistant professor of 
mechanical engineering at the University 
of Florida, has adopted a sequence of pres- 
entation that is quite different from that 
of most textbooks. Starting with a study 
of load curves, followed by the economics 
of power production, vapor power cycles 
and heat balances, he then proceeds to 
consideration of the various items of 
equipment that enter into a power plant. 
This logical approach simulates that which 
the student is likely to encounter later in 
practice. The treatment assumes famil- 
iarity with the fundamentals of engineer- 
ing thermodynamics but is not too techni 
cal. 

Numerous problems are included as well 
as their solutions, and the text is ade- 
quately illustrated. The appendix con- 
tains much useful data and a reproduction 
of the Combustion Engineering-Super- 
heater steam tables. 
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4—Steam Turbines and Their 
Cycles 


By J. KENNETH SALISBURY 


645 pages 6x9 Price $9.00 


This subject has been dealt with in many 
texts, usually as part of textbooks written 
by professors with a view to acquainting 
undergraduate students with the funda- 
mentals of power generation; but such 
information is obviously quite general. 
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Of the very few authoritative treatises on 
the subject of steam turbines, such as the 
classic work of Stodola, most are now more 
or less out of date. In view of this the 
present contribution by Mr. Salisbury 
meets a widely felt need by providing an 
up-to-date, authoritative and practical 
volume that should be most useful to the 
practicing engineer. 

A brief review of the contents reveals, 
among others, chapters on thermody- 
namics, power plant cycles, flow of liquids, 
turbine design and characteristics, cycle 
analysis, with particular reference to the 
regenerative cycle and heat balance, heater 
arrangements, design details, estimating 
heat rates, and various other factors affect. 
ing performance. The effect of many vari- 
ables on plant performance is discussed at 
length, An appendix contains data often 
required by the application engineer in 
calculating heat balance. 


5—Sales Engineering 
Second Edition 


By BERNARD LESTER 


226 pages Price $3.00 


Perhaps one of the least understood 
phases of engineering is that dealing with 
the sale of machinery, equipment and 
technical products. With the ever in- 
creasing use of “‘high-pressure”’ selling for 
consumer goods, it is natural to assume 
that industrial equipment is sold in a 
similar manner. However, Mr. Lester 
carefully differentiates methods applicable 
to each and points out that in sales engi- 
neering a successful sale is both a profit- 
able sale to the supplier and a profitable 
purchase to the buyer. 

There are five parts to the book: The 
Field of Sales Engineering, Buying and 
Selling, The Sales Engineer in Action, 
Selling to Those Who Buy for Resale and 
The Training and Development of the 
Sales Engineer. 

The effectiveness of the text is enhanced 
by the skillful use of interesting case 
studies of actual industrial selling prob- 
lems. Anyone who has been concerned 
with either buying or selling a major 
piece of power-plant equipment will recog- 
nize the practical usefulness and wisdom 
of the suggestions made in the case studies. 
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